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Abstract
Do birds of a feather flock together or do opposites attract? The aim of this thesis is to
consider this question in the context of online social networks. Humans, unlike birds,
can flock together based on a wide variety of characteristics, such as age, gender, or
political affiliation. The tendency of people to assort based on a common trait is re-
ferred to as homophily. Research into homophilous traits has often overlooked psy-
chological characteristics. In particular, while personality is studied extensively in the
context of social media use, it has received little attention in the homophily literature,
which is a gap this work endeavours to bridge.
Online social networks have become ubiquitous in our daily lives and understanding
their dynamics gives valuable insight into this new form of social interaction. This
thesis highlights the importance of personality homophily in shaping online social net-
works, while also considering the inherent geographic constraints. In offline social
networks, geographic proximity allows for frequent face-to-face interactions, which
are essential for the formation and maintenance of friendships. Online networks of-
ten reflect offline networks, meaning that people still tend to cluster with others who
are geographically close. Using datasets from Facebook and Foursquare, we explore
the relationship between personality homophily and geographic distance in detail by
considering the distance between similar and dissimilar people, and how they differ in
their co-location patterns. We find that people assort based on their personality in both
social and spatial contexts, although not all aspects of our personality are equally ho-
mophilous. Openness to experience and Conscientiousness emerged as the personality
iv
facets with the strongest homophilic tendencies, while Neuroticism appeared to be less
homophilous; Agreeableness and Extraversion fall somewhere in the middle. In other
words, birds of a feather do seem to flock together, but this depends on the personality
facet considered.
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1Chapter 1
Introduction
Online social networks have become ubiquitous in our daily lives. About 2 billion
people are registered on one or several social media platforms, such as Facebook, Twit-
ter, LinkedIn, or Reddit. Facebook currently dominates the social media market with
over 1.15 billion active daily users as of December 2017 [119].
Interactions between people have become increasingly globalised, as they are no longer
constrained by their physical location; but merely, by their access to an internet con-
nection. It is perhaps surprising then, that in fact, even online social networks are
subject to the constraints of geographic distance. Geographic distance is one of the
biggest constraints to offline social network to date: relationships do not blossom if
people cannot meet in the first place to form a tie, or regularly meet up to maintain
their friendship. In other words, distance can dramatically change the relationships
that flourish and those that fail. While we might have more contacts from across the
globe thanks to the Internet, our closest friends, relatives, and partners still tend to be
geographically nearest to us. In our increasingly globalised society, it is important to
avoid downplaying the lingering impact distance can have on the shape of social net-
works. Even on anonymous platforms like Twitter or Reddit, we see a geographical
clustering of users. People prefer to follow others who are geographically close to
them because they prefer to interact with others they can relate to, and who post news
and information that are relevant to them or directly affect them. We might be online
globally, but we continue to communicate and interact locally.
2Social media platforms have become prime fields of study for the observation of such
interactions. Advances in online data collection have allowed for studies on unpre-
cedented scales with large and rich datasets. While studies on offline networks rely
on self-reported connections to others, studies on online social networks can use the
organic ties that are evident from social networking sites.
The most notable data breach in recent history highlights both the importance and sens-
itivity of data obtained from these social networking sites. Cambridge Analytica used
personality data from Facebook users to target them with political advertisment in an
attempt to influence their voting behavior in the American presidential elections and
the UK Brexit vote of 2016. It is believed that this purposeful targeting of susceptible
users has influenced the results of these votes. The extent of this influence is unknown,
however, and might be extremely difficult to detect [64]. This major controversy high-
lights both the reach of social media, its embededness in our everyday lives, and the
power of personality data.
Apart from political inclinations, personality can to some extent predict the way we
behave, how we perform in our job, and even how happy we are. It is one of the most
important characteristics that determines our uniqueness as individuals. The pervasive
nature of personality becomes evident as we see how it operates in the background of
many life outcomes. As a result, we do not always realise the impact our personality
has on our behaviour. Social interactions are an exception to this. Personality clashes
and compatibilities are often cited as reasons for relationship failures and successes.
So, do birds of a feather flock together, or do opposites attract when it comes to per-
sonality?
Homophily, the tendency of people to assort based on a common trait, is a key char-
acteristic of social networks. People assort based on age, gender, religion, socio-
economic background, or political affiliation to only name a few [109]. Personality
has received relatively less attention as a potentially homophilic characteristic. Sim-
ilarity facilitates both tie formation and maintenance with the people we connect to.
3Similarity inspires trust, which greatly enhances communication and relationships in
general [39]. Trust also greatly facilitates cooperation, a major theme for individuals,
organisations, and even countries. Homophily can be seen as a fundamental building
block that holds our society together, by fostering relationships between people and
eventually leading to increased cooperation.
The purpose of this thesis is to shed light on personality homophily in online social net-
works. How does personality similarity influence the connectivity between members
of an online social network? What is the effect of geographic distance and geographic
co-location on personality homophily?
1.1 Objectives and Contribution
The overarching objective of this thesis is to study the interaction between personality
homophily and geographic distance in a variety of online social networking contexts.
Below, we outline both the objectives and contributions in four distinct, but related
areas of this thesis: online social networks, personality homophily, geographic dis-
tance, and local & global networks.
Online social networks: Studies on online social networks have exploded in line with
their increase in popularity over the past few decades. While some might be sceptical
about the ability of social media research to be generalised to offline networks; a prom-
ising body of research has shown that offline and online networks do not differ that
much from each other in terms of composition, structure, and size [46]. Online social
networks are an interesting topic of study in their own right. Online social media data
often benefits from large datasets and organic connections. In other words, people do
not need to recall who their friends, acquaintances and kin are, the connection can be
scraped from their online profile. This prevents accidental omissions and the reporting
of uni-directional relationships, where one person might not reciprocate the friendship
of another. Facebook requires both parties to accept the connection before they become
4online “friends”. The big advantage of using Facebook is its offline-to-online dynamic,
meaning that people usually know each other offline before connecting on Facebook
[102].
Personality homophily: Homophily is a major theme in social network research, but
homophily based on psychological traits has received little attention in the current lit-
erature. Most studies concentrate on salient characteristics or traits that tend to be
socio-demographic in nature, such as gender, age, or political orientation. The inher-
ent hidden nature of personality and the need to collect data that is not explicitly stated
on one’s social media profile or evident through liked pages might have contributed to
a lack of investigation on this topic. This thesis aims to fill the gap regarding personal-
ity homophily by studying the impact of personality similarity on Facebook friendship
connections. We also aim to compare different methods for measuring similarity, in
particular by contrasting continuous and categorical measures. Most other studies on
personality have used an either or approach, despite both methods having benefits. A
categorical approach allows for clearer results and to contrast extremes, while a con-
tinuous approach ensures that no information is lost during the data analysis process.
Geographic distance: As emphasized previously, geographic distance plays a major
role in the formation and maintenance of social ties. Geographic distance can be con-
sidered assortative in itself, in the sense that it connects people based on the common
places they frequent. We aim to identify the role geographic distance plays in online
connections and how exactly it interacts with personality similarity. Previous work has
looked at distance and personality homophily individually, but not together.
Local and global networks: A methodological objective of the thesis is to comple-
ment a more global view of the network with local connectivity analyses. While we
consider global network characteristics such as network size and transitivity, we also
focus on pairwise and triadic connections to capture the effect personality homophily
has at the individual level. By combining both approaches, we hope to achieve a com-
prehensive overview of the dynamics of the social network in regards to both person-
5ality homophily and geographic distance. For distance, this translates to considering
the absolute geographic distance between people based on their longitude and latitude
coordinates; but also to observe what happens at the level of co-location in exactly the
same place.
1.2 Thesis Outline
This thesis is structured around three central themes: personality homophily, geo-
graphic distance, and online social network structure. Figure 1.1 outlines how the
different themes interact with each other and map to chapters. The arrows represent
the influence a source theme has on a target theme. The double-sided arrow for per-
sonality and homophily indicate that these two themes are intrinsically linked, without
a clear source and target between the two. Personality homophily is foremost explored
in chapter 3. In chapter 3, the impact of personality on network structure, especially
in online social networks, is also addressed. The link between homophily and network
structure spans across two chapters, 3 and 4. We introduce the importance of location
in online social networks in chapters 4 and 5, in which we look into the effects homo-
phily can have on geographic distance and co-location respectively. Finally, chapter 5
also addresses the interaction between location and network structure by looking into
how an increase in co-location can lead to a very different network. As the thesis
progresses, the importance of each of these themes and the intrinsic relations between
them will become evident.
We will now outline how we endeavour to answer the following research questions at
the end of the thesis: How does personality homophily affect the local structure of an
online social network? How does personality similarity relate to geographic distance
between online friends? Does personality homophily lead to co-location at the same
venue?
In the second chapter, we outline the vast literature on (1) human sociality and net-
6Figure 1.1: Diagram of the core themes of the thesis and their relations.
works, with a focus on online social media; (2) personality, its measurement history,
and effects on network structure; (3) geographic distance and how it constraints the
expansion and maintenance of our social networks; and finally, (4) personality homo-
phily: our current knowledge on the topic and how we can expand on it.
The third chapter will focus on the effects of personality on global social network
structure, such as network size and transitivity. We then delve into the homophily
aspect of the network. We use different ways of operationalising personality similarity
to allow for comparisons with the wider literature, which have used both approaches.
To test hypotheses, we use the MyPersonality dataset [87]. This is an repository of
Facebook users personality scores and their connectivity, as well as some basic demo-
graphic (age and gender) data. The data is completely anonymised and from voluntary
participants willing to share their data for research purposes.
We start by replicating and confirming certain personality relationships with network
structure. We first want to replicate the relationship between the different personality
facets and network size, as well as transitivity and brokerage. We then investigate
whether the online social network derived from a Facebook sample is also subject
to personality homophily. In other words, we predict people to be more likely to be
7connected if they are similar in personality.
In the fourth chapter, we investigate the relationship between geographic distance
and personality homophily. The aim of this chapter is to highlight how geographic
distance influences personality homophily dynamics in an online social network. We
are interested in seeing whether pairs of connected users who are similar in personality
and more or less distant to each other.
We use MyPersonality data once again for this chapter. In addition to personality
scores and connectivity data, we cross-reference the datasets with geographic location
information of the participants.
We make different predictions for each personality facet, based on the qualities and
tendencies of each of them. This chapter considers geographic distance at a global
level, rather than local co-location between people, which is addressed in the fifth
chapter.
In the fifth chapter, we take a more local approach to proximity. Instead of focusing
on absolute geographic distance, we consider whether people go to the same venues
based on their personality. In other words, are people with similar personalities likely
to attend the same café or shop at the same store? Unlike in the previous chapters, we
consider people’s co-location, rather than connection on social media, as an indicator
of potential homophily. The aim of this chapter is two-fold. First, it confirms whether
personality homophily also occurs at smaller geographic scales; second, it aims to
highlight the intrinsic relationship between proximity and personality homophily. Even
in the absence of clear-cut relationships, we show that people with the same personality
are attracted to the same locations.
A Foursquare dataset with personality scores and checkin history on the location-based
social networking application Swarm was used to test hypotheses. The local nature of
such Location-Based Social Network (LBSN) applications was more suitable to answer
the questions posed in this chapter compared to the previous ones. The checkin history
8allowed us to build a network based on co-location, rather than friendship ties. In this
model, we let the geographic habits of users determine the connections in the network.
The sixth chapter will conclude the thesis. In this chapter, we will summarise and
discuss the main findings of the thesis and address its limitations, as well as potential
for future work. We will conclude the thesis by aiming to shed as much light as possible
on the inner workings of personality homophily in our online social networks, and the
effect of geographic distance on the whole process.
1.3 List of Publications
This thesis has lead to the following peer-reviewed publications:
[CiHB16] N. Noë, R.M. Whitaker, M.J. Chorley, Martin, and T.V. Pollet. Birds of a
feather locate together? Foursquare checkins and personality homophily. Computers
in Human Behavior, 58: 343-353, 2016.
[ASONAM16] N. Noë, R.M. Whitaker, and S.M. Allen. Personality Homophily and
the Local Network Characteristics of Facebook Personality Homophily and the Local
Network Characteristics of Facebook. In: 2016 IEEE/ACM International Conference
on Advances in Social Networks Analysis and Mining (ASONAM), 2016.
[CYBER16] N. Noë, R.M. Whitaker, and S.M. Allen. Personality Homophily and
Geographic Distance in Facebook. Cyberpsychology, Behavior, and Social Network-
ing, 2018.
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Literature Review
The following chapter will discuss the broad literature across the three main themes
of this thesis: online social networks, personality homophily, and geographic distance.
We will draw from sources in psychology, sociology, and computer science among
others, because of the interdisciplinary nature of this project. We keep our focus on how
personality and homophily influence tie formation and maintenance, throughout our
journey through the current literature on human connections. Why and how do people
form friendships with others, and what role do personality and homophily play during
this process? To answer this question, we outline the existing literature as follows:
1. Individual differences (Section 2.1)
(a) individual differences in social connections (Section 2.1.1)
(b) how we assort into social networks (Section 2.1.2)
2. Social networks (Section 2.2)
(a) Origins of sociality and how ties are formed and maintained (Section 2.2.1)
(b) Differences between online and offline networks (Section 2.2.2)
3. Human personality (Section 2.3)
(a) The history of personality measurement (Section 2.3.1)
(b) Personality and online behavior (Section 2.3.2)
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(c) Personality and social media use (Section 2.3.3)
(d) Personality and network structure (Section 2.3.4)
4. Homophily (Section 2.4)
(a) Existing literature on personality homophily (Section 2.4.2)
(b) Current state of the art on spatial homophily (Section 2.4.3)
5. Constraints on social relationships imposed by distance (Section 2.5).
6. Current knowledge gap and applications (Section 2.5.3).
We open this chapter with a section on individual differences and their importance in
tie formation and maintenance. Throughout this thesis, we will often refer to social
relationships as ties, an all-encompassing term for friends, partners, acquaintances,
and family members. Individual differences are crucial to our understanding of human
individuality. This section will showcase how the different themes of the thesis all
relate to each other throughout a person’s life and development. We then delve into
each theme in more detail, following the structure described above.
2.1 Individual differences
Individual differences are the reason people behave differently in the same situation.
Individual differences is a vague term that incorporates all the aspects of a human
that make them unique. These aspects can stem from nurture (the environment), or
from nature (our genetic predispositions). We may behave differently because we are
from different cultures, had a different upbringing, or simply are genetically different
[141, 21]. But what about a set of identical twins who grew up in the same home?
Unlike fraternal twins, identical twins share the same genetic make-up. Would they
not behave and react in the exact same way when confronted with the same situation?
And yet, we see differences in behavior between identical twins; they are still each
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unique individuals. What distinguishes them are not their physical aspects, which can
be so similar that they get frequently confused with one another, but their personality.
We structure this review by considering a pair of identical twins and how they navigate
their social connections as they grow up.
Personality is a big part of what makes each individual unique. A person’s personality
can be described using five broad facets according to the Five Factor Model [58]. With
the use of personality questionnaires, it is possible to derive scores for each of the
facets for a person. Personality modelling and testing is described in more detail in
Section 2.3.
To better understand what we mean when we refer to personality, the five facets are
defined as follows:
1. Openness to Experience: If people are willing to try new things, and are cre-
ative; they are considered open. People who score low on this facet tend to be
more averse to change and more conservative in their approach to life, they are
considered non-open.
2. Conscientiousness: This facet describes how organised and timely a person is.
Conscientious people have good focus and are less likely to be distracted. People
who score low on this facet tend to be disorganised and easily distracted; they
are considered unconscientious.
3. Extraversion: This facet describes how sociable and people-oriented a person
is. People who score high on this facet enjoy being around others and seek out
opportunities to socialise and connect with others; they are considered extraverts.
People who score low on this facet tend to prefer or value alone time and do not
tend to actively seek out social situations, although they still might enjoy them;
they are considered introverts.
4. Agreeableness: This facet describes how friendly and accommodating a person
is. A person scoring high on this facet is considered agreeable. A person scoring
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low on this facet might be difficult to get along with and unfriendly with the
people they interact with; they would be considered disagreeable.
5. Neuroticism: This facet describes how anxious and prone to worry a person is.
A person scoring high on this facet is considered neurotic. A person scoring
low on this facet tends to be calm and in control of their emotions; they are
considered emotionally stable.
Personality can be used to predict behavior. It is very difficult for us, or even im-
possible, to think of two different people with exactly the same personality. There are
always small differences in how we behave and react to our environment, and these
small differences are due to our own unique personality. At the same time, personality
is what makes each individual behave consistently over time and situations [141]. Of
course, a person’s personality does not exist in a vacuum. Personality is both shaped
by our environment and our genes, although the exact precursors for personality are
still widely unknown and difficult to pinpoint [21]. It is generally agreed that person-
ality is mostly genetically determined (40%), although our environment can influence
how it manifests itself. Shared environment accounts for about 7% of an individual’s
personality [21]. This means that two individuals who grow up in exactly the same en-
vironment, will have about 7% of their personality in common because of it. Bouchard
estimated that the rest of the variance found in personality was half due to non-shared
environment (26.5%) and the other half due to error of measurement (26.5%). This
makes genetic factors the most influential precursor of personality. It could be argued
that identical twins, despite growing up in the same home, could be treated differ-
ently by their parents. However, it seems that children are treated differently because
of their personality, rather than the other way around [21]. We use the example of
identical twins to further illustrate the role personality plays throughout our lives.
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2.1.1 Connections with others
A critical example of a non-shared environment is an individual’s own social network.
Despite growing up together, identical twins will eventually make their own friends.
Their social networks might still have some overlap as they grow up, especially due to
kin ties. Social networks are an essential part of a person’s life [68]. Personality has
become relevant to social networks, because it has been shown to have an influence
on the ties we form with others [8]. Personality contributes to both the quantity and
the quality of our social ties. Will our twins have a lot of social connections, but with
less emotional depth; or will they have relatively fewer, but closer, friendship ties? The
former is often characteristic of the networks of extraverts, while the latter is more
likely for introverts. While personality might contribute to our initial network position,
this network position might, in turn, reinforce certain personality traits. For example,
easily anxious people tend to end up at the periphery of social networks, with relatively
fewer connections compared to more adjusted individuals [29, 83]. However, being in
such a disadvantageous network position can be stressful in itself, which has potential
to reinforce the anxious personality of the individual at the periphery.
behavior in online spaces has garnered increased interest over the past decade. In par-
ticular, the way we interact with technology, use it, and how it influences our behavior
has received considerable attention. Personality is reflected in the way we use smart-
phones and social networking applications. These social networking applications have
given us the unique capability to keep track of our social network without much effort.
Technology allows us to offload cognitive and memory tasks to external devices. This
allows us to "extend our mind" and free up valuable cognitive processing [27].
Personality is by far not the only determinant of the position we occupy in our social
network, and its composition. Actually, one of the most influential factors in tie form-
ation is simply proximity, even in online social networks [60, 133]. No matter how
compatible two people are; if they never have a chance to meet virtually or physically,
a social connection cannot form. Proximity can be both temporal and geographic, two
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people need to be in the right place at the right time to have an opportunity to connect.
As our twins grow up and possibly move away from home, they will encounter differ-
ent people based on their respective geographic locations and how they decide to spend
their time. While proximity is an important prerequisite for meeting new people, it is
not always enough. One of our twins might take the bus to work everyday and meet
the same people on it. The temporal and geographic proximity conditions are met, yet
people rarely make friends on the bus. The main reason is because the environment
of a bus is not favourable for new social connections. So, in addition to the proxim-
ity condition, people need to engage in a shared activity or goal to be able to connect
[90]. A bus does only serve to transport people from A to B and does not give any
incentive to people to start communicating, other than boredom. A social club, sport
society, a classroom, or a university campus are all places that are already much more
favourable than the bus. People can connect based on shared activities, age, or interests
respectively [90].
Finally, another important condition for our twins to successfully build new friendships
in their respective environments is that the people they encounter need to be receptive
to adding a new person to their social circle. First-year undergraduates around the
world are often very eager to form new connections. Most of them left their homes
for the first time, and have left their high school friends behind, which means they are
in need of a new social and support network. As people grow older and settle, they
rely more on their existing social networks. People find it more difficult to make new
connections as they grow older. This might be on the one hand due to a slight decrease
in openness towards change and new people [128], but also because the conditions
become less and less favourable for new connections.
2.1.2 Assorting into social networks
Now that all the conditions are met for our twins to make friends, what exactly makes
them choose one potential friendship over the other, all else being equal? Will the
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twin choose their neighbour on the left or the one on the right? Friendships flourish on
commonality. Sharing interests, cultural and social backgrounds all promote a better
understanding of the other and helps them relate. Gender and age can also play a role,
although this might be more pronounced in children and adolescents. Similarity pro-
motes trust, which in turn facilitates tie formation and maintenance. The tendency of
people to connect based on shared or similar characteristics is referred to as homophily.
Homophily is an important factor in social network dynamics and tie formation and can
be based on a number of socio-demographic characteristics, such as age, gender, reli-
gion, political orientation, or socio-economic background [109]. Some of these com-
monly studied characteristics are partly constrained by external factors. For example,
churches and schools are common environments during which social connections are
formed, making it likely for people to be of the same religion and age. In short, the
environment we live in might constrain the diversity of people we encounter.
Kossinets and colleagues distinguish between induced and choice homophily in this
regard [89, 90]. Induced homophily refers to the person selecting or being pushed
towards environments that induce homophily without a conscious choice. For example,
classes that are separated by age promote people to connect with others of the same age
simply because no other option is available. Choice homophily refers to more active
choices the person makes in terms of relationships, by selecting people based on similar
characteristics within the constrained environments imposed by induced homophily
[90]. Online social networks might appear to lift some of the constraints imposed by
induced homophily, notably the need to physically share an environment to connect.
However, even in online networks, geographic distance remains an influential factor
as we will see in more detail in Section 2.5. The Internet has separate online spaces,
just like the offline world. People would need to frequent the same virtual space to
have a chance to interact and connect. It is also important to consider that having many
grounds for commonality does not guarantee a connection to form; individuals need to
“click” to become friends. In other words, their personalities need to be compatible.
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It is no use having shared interests or backgrounds for two people if they cannot get
along because of their inherent disposition.
Personality is an interesting characteristic to consider as a catalyst for social connec-
tion. It is not environment-dependent, like religion or socio-economic background, or
visible like age or gender. Generally, people need to interact with a person repeatedly
to get to know their personality fully; and personality influences the likelihood to inter-
act with others. This aspect of personality is not well-studied. Personality is relatively
easy to measure explicitly, but not implicitly, and it often requires the administration
of psychological tests. behavior could be used to study personality in the wild, but this
might make it difficult to equally capture each of the five facets as they require very
different settings to be expressed. Another hurdle to the study of personality in social
networks is the difficulty with which information about connections is gathered. The
use of online social networks, which display clear and visible connections between
users and the use of applications to easily gather personality data makes these type of
studies possible. This thesis relies on both methodologies to study personality in online
social networks.
2.2 Social networks
Social networking has become a defining feature of the 21st century, partially through
the surge in technology and the rise of social media. Its success can be related back to
the nature of the human species and its propensity to socialise. We rely on our social
network for financial aid and emotional support [159]. If we want to understand why
online social networks have become so ubiquitous in our daily lives nowadays, we first
need to understand human sociality.
Technology has given us the unique opportunity to keep track of our social groups,
maintain connections, and understand their dynamics. This was something that used to
only be possible through direct and repeated interactions with our social contacts, but
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Figure 2.1: Example of an ego-network with one ego (in blue) and five alters (in
red). The dots are nodes, while the black lines are edges.
is now much easier via our smartphones, laptops or other technological devices. The
following sections will highlight the origins of human social networks, and how online
and offline networks differ from each other.
Social network representations are typically composed of nodes, which represent people,
and edges, which represent a social connection. In Figure 2.1, the social network of
one particular person, the blue dot, is presented. The red dots are the nodes, while
the black lines connecting them are the edges. Ego-networks like these are useful to
map out the social network of one particular person. The blue dot at the centre of the
network is typically referred to as “ego” and is always connected to all the other nodes
in the network. The red dots are referred to as “alters”. Alters can be acquaintances,
friends, family or any other person ego has a social connection with. Alters themselves
can be connected to each other as well, but do not have to be.
2.2.1 The origins of sociality and networks
Survival benefits in the face of more powerful predators originally promoted cooperat-
ive group-based behavior. Advantages from in-group cooperation created a selection
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pressure through which sociality has evolved, resulting in the ability to prosper in large
groups with sophisticated social cognition, as exemplified by phenomena such as the
Theory of Mind [22] and intentionality [148]. This evolution leaves humans disposed
and attracted to the use of digital media and online social networks, in part because
they offer an additional channel through which individuals can reason about their so-
cial group and potentially maintain their relationships with others. Much reasoning
about oneself involves social comparison [51], undertaken to help establish one’s over-
all social positioning, and whether or not to donate precious resources to a third party
[160]. This is phylogenetically ancient and embedded in human survival [146], with
its suggested origins in evaluating competitors and assessing whether or not to commit
resources to challenge a rival in the hierarchy.
The Social Brain Hypothesis posits that evolution of the relatively large human brain is
a consequence of the complex social system within which humans live [44]. Cognitive
and time resources combine to structure the human’s social group as a function of emo-
tional closeness. Our social networks can be organised into layers, with the strongest
connections at the centre, and the weakest connections at the periphery. Emotional
closeness and interactions decrease across network layers, which together typically
cover around 150 relationships, based on the capability of the neo-cortex [43]. Dunbar
and Hill have identified that most people have roughly the same organisation for their
ego-network in terms of layers: a clique with the 5 closest people to ego, a support
group with roughly 15 people with whom ego regularly interacts, followed by the act-
ive network, which is typically comprised of around 50 people. These are people ego
knows well enough to send Christmas cards to, but would not interact with as regularly
as the support group. The last layer is comprised of alters ego knows and can place
in a social context, but who are otherwise their weakest ties, which brings up the total
number to 150 on average [68].
The main constraints governing the number of relationships are time and opportun-
ity costs, which are exacerbated in resource-constrained environments. Language has
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evolved as an efficient way to perform social grooming, with this advantage promoting
the expansion of group size from 120 [68, 164]. These meaningful ties have been main-
tained through physical interaction, with emotional closeness and frequency of contact
being strongly related [129]. In particular, face-to-face interactions provide important
support to sustain weaker ties. These are of most value for knowledge acquisition and
heterogeneity [63], in contrast to emotional or financial resources provided by kin.
Larger social groups generally imply that an individual is putting more effort into main-
taining a social group with a larger proportion of weak ties, over which an individual
can exercise choice and some control. Based on the convenience of the Internet and
ubiquity of digital communication through devices such as smartphones [157], it has
been widely speculated that social media and online social networks may help to over-
come the cognitive constraints that present a barrier to the increase of average group
size beyond 150. This has been motivated by observations on engagement with Face-
book for example, where roughly 18% of the global population were daily active users
in December 2017 [119]. Despite such technologies enabling individuals to expand
their online social networks beyond the restrictions of offline networks, there is a re-
markable similarity in structure between the two [46]. However it has been argued that
many online social network connections do not represent meaningful relationships, and
that cognitive constraints evident in offline networks still persist [45]. Therefore, while
offering an additional channel to maintain some weak ties, the existence of a large
number of meaningful weak ties in an online setting remains questionable. And while
distance might not matter for tie maintenance, it does appear to matter for tie formation
[84].
Generally speaking, the rapid evolution of technological capabilities such as the Inter-
net and online social networks are in stark contrast to the speed of biological evolution,
which has developed from selection pressures predicated on physical rather than vir-
tual interactions. This means that when the backdrop of physical interactions is dimin-
ished, it becomes harder for humans to directly understand and navigate online social
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relationships, where there are greater opportunities for adjusting self-presentation and
maintaining a degree of self-projection [13]. These issues make observation of human
behavior in response to technology important, with social decision making implicit
in how we choose to interact through online media. Consequently understanding the
interactions between user behavior and online social networks provides significant in-
sight.
2.2.2 Online and offline networks
The relationship between personality and network structure has been extensively stud-
ied in offline social networks. A recent review on the subject highlights the main
findings for each of the personality facets of the Five Factor Model [137].
In offline networks, extraverts have a preference for social engagement, seek out con-
nections with others, have better social skills, and are good at gaining power and in-
fluence. Extraversion is related to larger personal networks. Extraverts’ core network
tends to have a higher proportion of friends compared to kin, and network expansion is
related to tie formation with non-related alters. Interestingly, extraverts might feel like
they have bigger networks than they actually do, because they classify people in their
network more readily as friends. Extraverts are also more interested in tie formation,
rather than tie maintenance [138].
Low neuroticism is useful in workplace networks, because it allows people to maintain
their position of power. Neurotic individuals are also motivated to build relationships
between non-connected people [83]. Neuroticism seems to be less related to the size of
the network, and more to the position within the network. Emotionally stable people
are more involved in tie maintenance compared to tie formation.
Agreeableness is related to both tie formation and maintenance. It seems that agreeable
people are mostly involved in tie formation because others tend to choose agreeable
people as their preferred interaction partners [138]. There is some evidence that agree-
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able people tend to occupy central network positions, but this simply might be due to
others wanting to connect with them.
Openness to Experience is associated with homophilic tendencies, especially during
tie formation, where being open might be useful to make new connections [138].
Conscientiousness does not seem to have an influence on network size, but conscien-
tious individuals tend to occupy central positions in networks related to advice, know-
ledge, reliability, and performance [85]. The evidence on this effect is mixed however,
as some studies have found no evidence of this. Conscientiousness appears to be re-
lated to the maintenance of family ties, but not necessarily friendship ties [137].
It is important to consider the difference in homophily between online and offline so-
cial networks. Hristova and colleagues [71] contrasted Facebook ties to offline ties for
students that lived in two adjacent residences during term time. Homophily in terms
of study years and residence (situational homophily) was stronger among online ties,
compared to offline ones. On the other hand, political orientation among friends ten-
ded to be more diverse online compared to offline. Offline and online health habits
were similar, while music preferences were very widely distributed, but did not show
a difference in similarity between the offline and online network in general.
The quality of relationships in online social networks can be quantified through dif-
ferent means: frequency of contact, duration of contact, or emotional closeness for
example. Research on online social networking sites often focuses on the presence
of a connection (friends or followers), but not necessarily on its quality, which can
be challenging to establish. Antheunis and colleagues [7] studied the quality of three
types of relationships: offline, mixed-mode, and online friendships. Offline referred
to friendships that started offline, but could also incorporate online communication.
Mixed-mode referred to relationships that started online, but also have an offline com-
ponent. Online referred to friendships that formed online and only use online commu-
nication. The quality of offline friendships has been found to be significantly higher
than mixed friendships, which were, in turn, significantly higher in quality than online-
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only friendships [7]. The fact that primarily offline relationships were considered of
better quality than mixed friendship might indicate that online communication can sup-
plement existing offline relationships, but never truly replace them. However, the type
of relationships (offline, online, mixed) did not have an influence on the total duration
of the friendship. Also of interest is that the difference in quality between offline and
mixed friendships disappeared when compared over time. However, the difference in
quality of online-only friendships compared to mixed and offline was maintained over
time.
Tie strength has been associated with stronger homophily between two individuals
[71]. The more ways two people stay in touch (texting, chatting, face-to-face, etc), the
greater their similarity in terms of political affiliation, health, music taste, and situation
(residency and cohort) tends to be. The researchers found no clear homophilic tendency
for health and political affiliation, mainly due to high homogeneity in the sample, but
similarity in music taste and situation was higher as network distance decreased in an
offline student network [71].
Despite differences in the quality of relationships, online networks are similar in struc-
ture to offline networks [46]. There are cognitive constraints to the number of relation-
ships that a person can maintain at a given time, according to the social brain hypothesis
[44]. On average, people can maintain about 150 of such meaningful connections, of-
ten referred to as Dunbar’s number [44]. It has been argued that social media would
lift these cognitive constraints and allow people to stay in contact with more people
than ever before. However, actual comparisons show that an online and offline sample
had similar means to Dunbar’s number with 155.2 and 182.8 alters respectively. This
research demonstrates clear parallels between the online and offline worlds. Of interest
in particular, is the preservation of a layered structure, which mirrors the one of an off-
line social network [46]. This layered structure of the network is typically represented
as concentric circles around a person, with the core containing the strongest ties, and
the subsequent circles containing weaker ties.
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2.2.3 Advantages of studying (online) social networks
Clifton and Webster emphasize how social networks have been under-utilised in per-
sonality research [30]. Social networks help visualise individual personality in the
social context they exist in. This is especially important in the context of personality
homophily, as the concept relies on analysing the connections between people based
on their personality.
Online social networks are an interesting topic of study in their own right. Online
social media research often benefits from large datasets and organic connections. In
other words, people do not need to recall who their friends, acquaintances and kin are;
these connections can be scraped from their online profile. This prevents accidental
omissions and the reporting of uni-directional relationship in which one person might
not reciprocate the friendship of another. For example, Facebook requires both parties
to accept the connection before they become online "friends". The big advantage of us-
ing Facebook is its offline-to-online dynamic, meaning that people usually know each
other offline before connecting on Facebook. In a study on the composition of Face-
book friends, only 4% were classified as strangers and 2% as online-only. The biggest
group was acquaintances with 27%, followed by activity (people met during leisure,
work, or study activities) with 24%. Close friendships comprised 21% and maintained
(past relationships and friendships) represented 18%. 4% were unaccounted for [102].
How does the distribution of these relationships compare to an offline network? The
proportion of close connections decreased significantly with network size (r = −.33).
This is in line with research on emotional closeness and network layer size [115]. This
makes Facebook, and other social networks, a valuable resource for studies on (online)
social networks.
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2.3 Personality modelling
Personality affects important life outcomes, such as happiness [32, 54] and job satis-
faction [81]. Personality can also provide a useful framework for studying behavioral
problems in children [47], adolescents [2] or even adults [70].
Personality measurement lends itself to deployment through technological means be-
cause of the question-based scoring approach. Of interest is therefore the differences
in personality models used in the literature. A brief overview of the history of person-
ality measurement is provided, before discussing the different models and tests used
nowadays to quantify and qualify personality.
2.3.1 History of Personality Measurement
The Five Factor Model comprises five bipolar facets: Openness to Experience, Con-
scientiousness, Extraversion, Agreeableness, and Neuroticism. As defined in chapter
1, extraverts are sociable and talkative, whereas introverts are quiet and value alone-
time. Agreeable individuals are friendly and easy to get along with, while disagreeable
people are not likeable. Highly neurotic individuals are characterized by their persist-
ent negative affect and worry, while emotionally stable individuals experience a healthy
balance of emotions instead. Conscientious individuals are focused and driven, while
unconscientious people are impulsive and lack self-control. Finally, open individuals
are creative, curious and open to new experiences, while non-open individuals are more
conservative [41].
Personality represents the fundamental characteristics that describe an individual, and
is an influential determinant of behavior, especially in social situations and interac-
tions [58]. Personality is thought to be about 50% [41] genetically determined, with
the rest attributed to environmental and cultural influences. The current dominant ap-
proaches to characterising personality are lexically based, the origins of which date
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back to Galton [55]. Refinement of Galton’s efforts have led to a corpus of personality
adjectives [58].
Galton first endeavoured to identify the terms that could describe unique human char-
acteristics. A century later, Allport and Odbert, as well as Norman another 30 years
later, further refined Galton’s efforts to assemble a corpus of personality adjectives
[58]. Thurstone was one of the first to identify that this list of 4, 500 personality ad-
jectives could be broken down into five distinct facets. Also from Cattell’s original 35
bipolar factors, only 5 facets could be replicated. Further models by Borgatta, Digman
& Inouye, and McCrae & Costa were also comprised of 5 facets, each of them based
on different variables and with slightly different qualifications for the different facets
[58].
The final model of personality that emerges from these five facets, the now widely used
Five Factor Model (also referred to as the Big 5), was extensively validated and refined
throughout the years [106, 58]. It is noted that variations exist across different human
societies in the interpretation of the five facets [65].
The most dominant alternative to the Five Factor Model is the HEXACO model of
personality [10]. HEXACO is an abbreviation for the model’s six facets, which are:
Honesty-Humility, Emotionality, Extraversion, Agreeableness, Conscientiousness, and
Openness to experience [95]. An extensive review on this model is provided by Ashton
and colleagues [9]. The HEXACO model adds a sixth facet, Honesty-Humility, and re-
places Neuroticism with Emotionality, but retains the Openness, Extraversion, Agree-
ableness and Conscientiousness facets. There is an ongoing debate over which of the
two scales should be used for an optimal representation of personality - for example
Lee and colleagues [95] argue in favour of HEXACO while Bashiri and colleagues
[15] argue against this. However, the Five Factor Model of personality is widely used
in the research reviewed in this thesis, with 56 from 109 studies using a scale derived
from the Five Factor Model to measure personality. Four papers used the old Eysenck
model [67, 5, 69, 6], one paper used the Myers-Briggs Type Indicator (MBTI) [114]
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and only one paper used the HEXACO model [115]. Remaining papers focused on
discrete psychological factors, such as happiness [20], self-monitoring [110], or the
entrepreneurial personality [82] and one dealt with personality pathology [28]. The
MBTI model classifies people according to four bipolar facets: Extraversion or Intro-
version, Sensing or Intuition, Thinking or Feeling, Judging or Perceiving. The Eysenck
model contains 3 facets: Psychoticism, Extraversion, and Neuroticism [41].
Table 2.1: keywords used for paper search, divided by theme: personality, social
networks, and social media. SNS stands for Social Networking Sites, LBSN stands
for Location-Based Social Networks.
personality social networks social media
personality social networks social media
Five Factor Model online social networks SNS
Big 5 homophily Twitter
Extraversion transitivity Facebook
Neuroticism clustering LBSN
Openness to Experience degree
Agreeableness
Conscientiousness
Figure 2.2 shows the discrepancy in the literature between the Five Factor Model and
alternative personality models. 47 papers were selected as a sample for this analysis
on the personality models (Figure 2.2), and tests (Figure 2.3) used in the literature.
Google scholar was used to search for papers, using the keywords in Table 2.1. Dur-
ing the search, one keyword from the personality column was entered alongside one
keyword from either the social network column, or the social media column. Papers
were first evaluated for relevancy based on their abstract. If personality and social net-
works (or social media) was the main focus of the paper, it was kept; otherwise, it was
skipped. Papers also needed to contain at least one measure of personality, and at least
one measure pertaining to social networks or social media. This resulted in an initial
selection of 109 papers. After this initial phase, papers were reviewed more carefully,
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with only the ones explicitly using measures relating to social network connectivity
(degree, transitivity, number of friends, strength of connection, and so on) being kept
during this second phase. Most papers gathered during the initial phase dealt with
social media use, rather than social network structure. However, some of these pa-
pers were kept because they addressed some aspect of social networks, like number of
friends for example. This process resulted in a selection of 47 papers, which are used
to gain a more quantitative insights into the literature over the course of this chapter.
The earliest paper is from 2000 and the oldest from 2016. The focus on online net-
works has skewed the selection to the last few decades. The Five Factor Model and
HEXACO were used as search terms because they are the most widely used and val-
idated personality models. As a result, a lot of the papers use the Five Factor Model
of personality as shown in Figure 2.2. The Five Factor Model (Big 5) was overrepres-
ented in our selection of papers despite also using more general terms for personality
and a competing model (HEXACO) in our search terms, which only emphasizes how
widespread its use is.
Figure 2.2: Frequency of personality models used in the literature, based on a
selection of 47 papers. Acronyms for the personality models are explained in
Section 2.3.1.
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The papers in Table 2.2 provide a small overview of papers on measuring personality,
which gave me a good overview of the two competing models, Big 5 and HEXACO.
These papers were selected during a smaller literature review specifically targeting the
Big 5 and HEXACO models of personality. The papers were considered important to
me, because they were from the people involved in the construction and refinement
of the two personality scales, and were frequently used in the introductions of the
other papers considered for this chapter, which is also reflected in their citation count.
Most papers deal with the Five Factor, but the table also comprises a few papers that
highlight the current debate surrounding the use of the HEXACO model instead of the
Five Factor Model.
Table 2.2: Key papers on measuring personality and personality scales
papers Big 5 HEXACO citation count
McCrae1987 x 6167
Goldberg1990 x 6390
Goldberg1993 x 4669
Digman1990 x 7617
Gosling2003 x 5038
McCrae2005 x 718
Lee2005 x x 609
Ashton2008 x 336
Several lexical scales to measure the Five Factor Model exist, involving participant
response using a 5-point likert scale ranging from strongly disagree to strongly agree.
The most extensive scale is NEO-PI-R comprising 240 items [108]. A popular, but
shorter version of the scale is the Big Five Inventory (BFI), comprising 44-items [77]
which strikes a useful balance between time invested, reliability and validity. Ex-
ceptionally short scales with 5-items and 10-items have been developed as well [61].
These still appear to have acceptable reliability, which is useful when time is very con-
strained. The International Personality Item Pool (IPIP) remains a valuable resource
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for researchers, who wish to use the Five Factor Model in their studies [59]. An ex-
ample scale from the IPIP website, comprised of 50 items, is often used in research,
but researchers are free to derive their own scales from the pool.
Figure 2.3 highlights the vast amount of different personality tests used in the literature,
based on our selection of 47 papers. According to this figure, the most used personality
tests are the 44-item BFI, the 50-item IPIP, and custom-made personality detection al-
gorithms. Both the BFI and IPIP have average length which help their accuracy, while
preventing boredom among participants, which can be a problem for the longer tests.
The personality detection algorithms are especially prevalent in computer science ori-
ented papers, and vary greatly in the features considered to predict personality. No
single established algorithm exists to derive personality from social media features,
rather, each study tends to have a bespoke algorithm that works in their particular con-
text. However, the diversity of the personality tests used across the literature can also
be a strength. If the same effects can be found with different measures of personality,
it only strengthens the validity of these effects. Other models present in Figure 2.3
include the Ten Item Personality Inventory (TIPI), the Adolescent Personal Style In-
ventory (APSI), the Eysenck Personality Questionnaire (EPQ), the Inventory of Child
Individual Differences (ICID), the National Character Survey (NCS), the SHL Occupa-
tional Personality Questionnaire (SHL’s OPQ), the Big Personality Test, the Eysenck
Personality Inventory (EPI), and the HEXACO Personality Inventory (HEXACO PI).
Variation in the level of attention given to different facets in the literature are important
to consider. Based on the same selection of 47 papers used previously, we derived the
number of significant and non-significant findings for each facet in Figure 2.4. Extra-
version and Neuroticism are the two most studied facets in our paper selection, and
are often studied together. Unsurprisingly then, most significant effects are found for
these two facets, with Extraversion leading in the number of studies finding a signific-
ant effect for the facet. Openness to Experience also has a positive ratio in terms of
significant effects found compared to non-significant effects, but only barely. On the
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Figure 2.3: Frequency of personality tests used in the literature, based on a selec-
tion of 47 papers.
other hand, Conscientiousness and Agreeableness have more non-significant findings
than significant ones, which might explain why they are less studied in the literature
compared to the other facets.
2.3.2 Personality and online behavior
The Internet has enabled people to expand their social networks beyond offline con-
straints. Some evidence suggests that people turn to the Internet for social support
when it is lacking in their offline networks [120]. By online behavior we understand
the navigation habits of users. This relates to the type of sites people frequent, and
whether these relate to work, leisure, or social activities. Alongside a more specific
focus on social media use, the relationship between personality and Internet use has
received much interest in the literature, as outlined below.
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Figure 2.4: Proportion of significant and non-significant findings for each of the
facets of the Five Factor Model (Big 5) of personality, based on a selection of 47
papers.
Different Uses of the Internet
Not all personality facets are equally related to all types of Internet use. Landers and
colleagues found that Extraversion and Conscientiousness were the only facets to pre-
dict overall Internet usage. Even so, Extraversion and Conscientiousness only accoun-
ted for 8% of the variance in Internet use. Conscientiousness was found to be negat-
ively correlated with leisure-related Internet use and positively with academic Internet
use among adolescents [92]. Extraverts refrain from using the Internet as a substitute
for social interactions [6]. They did, however, use the Internet to do research, voice
their opinions, and share music [6].
Neuroticism, which has been associated with a lack of perceived social support, also
has a negative relationship with Internet use [145], in particular with the leisure facet,
which was comprised of online social activities, such as instant messaging and social
gaming. Interestingly, Amiel and colleagues also found a negative relationship between
instant messaging and Neuroticism. Neurotics were also found to avoid discussion
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boards, and showed little interest in participating in them online [6]. Whether the
Internet can provide the same quality as face-to-face interactions is still under debate.
Internet anonymity promotes self-disclosure, but also deception and misrepresentation.
Online interactions have the added disadvantage of lacking the necessary non-verbal
cues to convey the correct meaning of a verbal message. Frequent Internet users tend
to be introverted if they use the Internet as a source of entertainment [6]. Mitchell
and colleagues also highlight that overall Internet use might not be a good predictor for
other psychological factors, such as well-being, perceived social support or personality.
Rather, heavy uses in specific categories of the Internet, such as entertainment, social
networks or information seeking, can be used to predict certain traits or behaviors
[114]. In contrast, Extraversion was the only personality facet to have been linked to
Internet use at home [69]. None of the other facets showed any significant correlation
with any of the Internet uses studied: work, social, home or leisure [69].
Gender differences
Some gender differences have emerged in the relationship between personality and
Internet use. Overall, Extraversion is negatively related to loneliness. However, the
negative relationship between the Extraversion personality facet and loneliness is me-
diated by social network size [67]; meaning that introverts are more likely to feel lonely
because they have smaller networks than extraverts. Female extraverts especially used
the Internet for social communication, while male extraverts used it for leisure activit-
ies. Overall, Extraversion was positively associated with a leisurely use of the Internet
[67]. Individuals high in Neuroticism, on the other hand, have a greater tendency to use
the Internet as a substitute for their social interactions, by expressing a higher desire
to belong to groups and avoid loneliness [6]. Neurotics are indeed prone to loneliness,
although for a different reason than introverts. Social network size did not mediate the
positive relationship between Neuroticism and loneliness. Rather, it seems that neur-
otic’s high negative affect is related to their loneliness. Female neurotics especially
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tended to use the Internet for social services [67], suggesting that female neurotics
might feel more comfortable communicating with others online. Neurotics also used
the Internet to learn about potential threats and to read alternative news [6]. Interest-
ingly, Neuroticism had been found to be negatively associated with Internet use for
information services in a previous study [67]. However, this relationship was only
significant for males, but not for females.
Online self-disclosure
Most people are more likely to reveal personal information online than in a face-to-face
interaction [130], neurotics are especially likely to post accurate personal information
on Facebook [5]. Interestingly, a previous study on online behavior and personality
found no correlation between any personality facet and information disclosure [135].
However, this study used the 10-item IPIP as a personality measure and relied on self-
report for information about online behavior. Neurotics use the Internet to be less
lonely [130]. They also appear to feel more comfortable using online communication,
especially when their desire to affiliate is high [130]. A perceived lack of social support
from other people is characteristic of neurotics, as demonstrated in a communication
study [130].
Online services appear to be especially appealing to introverts and neurotics for their
anonymity and information control. Online profiles can be rewritten, edited or deleted
if not satisfactory. Offline impressions, on the other hand, are hard to change once they
have been established. Neurotics and introverts can fulfil their need to belong [17] and
other social needs through online interactions, if these are not satisfied through offline
ones [5].
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2.3.3 Personality and social media use
Most research on Social Networking Site (SNS) have focused on Twitter and Facebook.
Twitter is an example of a directed social network in which followers are not neces-
sarily followed back by their followees. Facebook, on the other hand, is composed
of undirected social networks, in which people have to accept friend requests before
connecting together. Facebook is unlike most social networking sites in that it relies on
pre-existing social relationships. Other networks such as Twitter or Tumblr, or more
specific SNS such as Pinterest or Deviantart have a more online-to-offline type of re-
lationship formation [130]. An interesting group of social media platforms are LBSN,
which have a social component, but focus on location-sharing as their primary activ-
ity. Personality has been shown to influence LBSN usage [25, 26] and is of particular
interest to this thesis because it incorporates the element of location and geographic
distance to the social network, more so than any other social media application. Be-
low, we review the current state of the art on personality and social media use for each
personality facet separately.
Conscientiousness
Highly conscientious people are likely to avoid distractions, such as Facebook, and
might therefore be less active online [130]. However, other SNS might be more suit-
able for conscientious users, such as the LBSN Swarm. Swarm is associated with
Foursquare, an online website for location recommendations. Swarm’s check-in sys-
tem might be especially favorable for highly conscientious users [26]. This application
is relatively less time-consuming compared to Facebook, as the Swarm application
only serves to communicate one’s location to friends. Interestingly, Conscientiousness
was positively associated with influence in a Twitter network, at least when measured
with the TIME algorithm [123]. People who score high on the Conscientiousness facet
have more friends on Facebook compared to people who score low on the facet [4].
Users also use some Facebook features differently depending on how conscientious
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they are. Conscientiousness was negatively correlated with the picture uploading fea-
ture [4]. On the other hand, Conscientiousness was positively related to social media
use for news and interactions with others [57].
Extraversion
Extraverts were most likely to engage in social activities on Facebook, such as be-
longing to groups. Interestingly, extraverts have been found to refrain from using the
Internet as a substitute for social interactions [6]. Findings from this study also in-
dicate that extraverts do however use the Internet to do research, voice their opinions
and share music. Another study found that extraverts do not substitute Facebook for
their social life, rather, it complements their offline social activities [130]. This is
also in line with a study on online communities and personality. Extraversion was not
related to time spent online [135], possibly because introverts are more comfortable
with computer-mediated communication. There was, however, a positive correlation
between Extraversion and number of friends in online communities [135]. This is also
in line with the positive association between high Extraversion and high in-degree in
Twitter networks [123]. Extraversion was also positively related to influence on Twit-
ter, albeit only when using the Klout algorithm [123]. Some evidence exists, however,
that suggests that extraverts use social media more than introverts [155]. It seems
that the nature of the online activity, for example, whether it is social or not, influ-
ences extraverts interest in said activity. It has been argued that extraverts have a large
circle of friends with relatively weak connections compared to introverts who have
fewer friends, but who are more strongly embedded in their social network [139]. In
addition, Extraversion is negatively related to loneliness. However, the negative re-
lationship between the Extraversion personality facet and loneliness is mediated by
social network size [67]; meaning that introverts are more likely to feel lonely because
they have smaller networks than extraverts. Utz found that Extraversion and number of
friends influenced perceived popularity of fake social media accounts [150]. Extraver-
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ted individuals are perceived as being more popular than introverted individuals, with
number of friends further increasing perceived popularity, regardless of Extraversion
scores. Interestingly, number of friends plays an important role in social attractiveness
for introverted individuals, but not for extraverted ones [150].
An extraverted social media profile was judged as more popular than an introverted one
in an experimental setting where participants had to judge the popularity, social attract-
iveness and communal orientation of bogus social media accounts. Number of friends
positively impacted perceived popularity, which was higher when the user profile was
manipulated to display a high number of friends (382 friends) compared to a low num-
ber (82 friends). Furthermore, the profile was also judged as more popular if these
friends appeared to be extraverted, compared to when they appeared to be introverted.
When the profile was extraverted, it was judged as having higher communal orienta-
tion when the profile’s friends were also extraverted, than when they were introverted.
There was no effect of Extraversion on communal orientation for the introverted pro-
file condition. For the social attractiveness measure, Extraversion and introversion also
had a differential effect. When the profile was introverted, number of friends had a pos-
itive effect on perceived social attractiveness. On the other hand, when the profile was
extraverted, number of friends did not significantly impact social attractiveness.
Some evidence from Facebook supports these findings [4]. Introverts posted and shared
less on Facebook than extraverts, however, when they did, they garnered more interest
from their friends than extraverts did, as exemplified by the larger number of likes and
comments on their posts [4]. On communication boards, extraverts tended to make
twice as many post as introverts did; conscientious users also posted twice as much
as unconscientious individuals [12]. Extraverted individual might enjoy communicat-
ing and socializing with others, while conscientious users might be more thorough in
keeping up with an ongoing discussion, while their more unconscientious counterparts
are more likely to get distracted. However, these explanations remain merely specula-
tions, as the content of the posts have not been analysed in this study [12]. Sharing of
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personal information, on the other hand, did not seem to be correlated with the Extra-
version facet, which appears to be a behavior more closely related to the Neuroticism
facet [4].
Neuroticism
In contrast to extraverts, neurotic individuals are more concerned with their online por-
trayal. This is in line with research that confirmed that extraverts construe their "real-
me" through offline social interactions, while introverts and neurotics construe their
"real-me" through their online behavior and relationships [5]. In line with this idea, in-
dividuals high in Neuroticism are most likely to portray themselves accurately online
and to give accurate personal information on their profiles [4]. Monitoring wall posts
was an important part of Facebook use for neurotic users [130]. Emotionally stable
users, in contrast, preferred the photo sharing aspect of Facebook [130]. Emotionally
stable people have a tendency to use social media less overall [57], and neurotic users
tend to use social media to share longer posts with more negative sentiments and sub-
jective words. Neurotic Facebook users are also more successful in attracting social
support, as evidenced through the large number of comments and likes they get on
their posts [139].
Neurotics are also expected to have less friends and be less popular, even online, but
evidence is scarce. Low Neuroticism is positively correlated with popularity on Twitter,
in terms of in-degree [123], but high Neuroticism did not have any particular effect on
either in- or out-degree. Highly neurotic individuals are unpopular online interaction
partners. While homophily was found for most personality facets in this communic-
ation study, only 4% of neurotics were willing to communicate with fellow neurotics
[12]. High Neuroticism seemed to trigger the exact opposite effect of homophily, as
most neurotics appeared to actively avoid each other in this communication study. In
contrast, emotionally stable users did not seem to have any preference to communic-
ate amongst themselves, they preferred agreeable interaction partners, but were not
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avoiding each other either [12].
Openness to Experience
Openness to Experience was positively related to time spent on online communities and
number of friends in those communities [135]. Open individuals are also more likely
to be sociable through Facebook [130]. It was also found that highly open users tend to
use more features of Facebook than others [4]. However, and contrary to expectations,
they did not have a deeper knowledge of Facebook functionalities [130, 4]. An explan-
ation for this might be that broader interests also mean less time invested in each one
of them, including how Facebook works [130]. Interestingly, and to support this line
of reasoning, Openness to Experience was positively correlated with being on Twitter
users’ reading lists [123]. Reading lists show recommended users to follow on Twit-
ter, suggesting that open users produce interesting and original content. Openness to
Experience was positively related to frequency of social media use, but negatively for
news and interactions with others [57]. Research from spatial homophily suggests that
Openness to Experience might be the strongest predictor of homophilous connections
in an LBSN such as Foursquare [79]. Open people were happiest in neighbourhoods
with fellow open residents [79]. Openness to Experience was positively correlated to
number of sociable and popular venues visited in Foursquare [26].
Agreeableness
Agreeableness did not seem to be related to Facebook use at first, neither in a positive
nor in a negative way [130]. However a subsequent review paper found that Agree-
ableness was positively associated with social media use frequency, but only for news
and interactions with other users [57]. This personality trait was also not related to
number of friends, contrary to expectation [135]. Highly agreeable people are popular
communication partners, especially with open and emotionally stable users [12]. How-
ever, few correlations exist between Agreeableness and other social media metrics. For
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instance, agreeable users are not more likely to have more friends on Facebook or other
online communities than disagreeable users [4, 135, 155]. Agreeableness also did not
correlate with time spent online in general, or on social media in particular [4, 135].
2.3.4 Personality and social network structure
Personality affects the way we connect with others, which in turn affects the structure
of our social network, as mentioned previously in Section 2.1.2. Social network struc-
ture has been used in the diagnosis of personality disorders, highlighting the important
relationship between them [28, 29].
The following social network measures are used in the upcoming paragraphs:
1. network size (or degree): the number of connections an individual has in a
network
2. neighbour: all nodes directly connected to a node A are considered its neighbour
3. clustering: measures the degree to which nodes tend to cluster together.
4. shortest path: the optimised path between two nodes so that the sum of edges it
passes through is minimised.
5. betweenness centrality: centrality measure of a node based on the number of
shortest path that go through said node.
6. transitivity: the extent to which nodes are connected if they share a common
neighbour.
7. Brokerage: node-based measure that defines the extent to which a node acts
as a bridge in the network. Bridges are nodes in a position where they connect
otherwise disconnected (groups of) nodes.
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Personality and network size
The positive relationship between Extraversion and network size is well-documented
[4, 52, 103, 139]. Extraversion was significantly related to degree (network size), in
three online [4, 116, 99] and two offline studies [138, 122], and only one study that
did not find a significant relationship between Extraversion and network size [130].
Overall, there exists solid evidence for a positive relationship between Extraversion
and network size across a range of offline settings: among adolescent pupils [138]
and among a more general sample with an average age of 28 years [122], across three
layers of their social network: their support group, sympathy group, and the outer
layer. Interestingly, a later study replicated the positive relationship between layer size
and Extraversion, but only for the support group, not the sympathy group, while the
effect on the outer layer was not measured. Additionally, Emotionality and Openness
to Experience both had a positive effect on support group size [115]. It is interesting
to note that this study [115] used the HEXACO model of personality instead of the
Five Factor Model. Also of interest is that the online studies discussed here all used
Facebook samples. Facebook is the most prominent example of an online undirected
social network based on real life connections, which makes is the social media of
choice for network studies.
Extraverted individuals are motivated to engage in social interactions with others, and
often are the ones to initiate relationships [138]. It has been suggested that extraverts
have indeed more friends than introverts, but introverts are emotionally closer to their
friends, while extraverts tend to have less emotionally close social relationships [122].
It is indeed the case that while extraverts have more friends, they are not necessarily
emotionally closer to them [129]. It has even been suggested that extraverts consider
others as friends more readily, sometimes confusing acquaintanceship for friendship
and therefore report a higher number of social connections [7].
Social networks tend to be subject to an Extraversion bias, meaning that extraverts are
over-represented, while introverts are under-represented. Interestingly, this bias is es-
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pecially strong in the social networks of extraverts and much weaker in the networks of
introverts, probably because of a homophily effect. Friends tend to connect with oth-
ers of similar Extraversion levels [50]. However, Neuroticism has also been associated
with number of friends, although this effect is much less consistent in the literature.
This arises from a communication study that identified neurotic users as unpopular in-
teraction partners in an online discussion board [12], especially between fellow high
scorers on the facet. Network size was also a significant feature to predict Neuroticism
in Markovikj et al’s personality prediction model [103]. Another study on an online
university student network found a small positive relationship between Neuroticism
and network size [155]. It is difficult to tell whether Neuroticism is rarely studied in
the context of network size or if other studies simply did not report null results.
Transitivity and brokerage
Transitivity is an interesting connectivity feature in social networks, as it is an indica-
tion of the embeddedness of a node in its network. In particular, sociable individuals
tend to be at the centre of large, loosely connected networks. This would explain why
Openness to Experience and Extraversion have previously been negatively associated
with transitivity [83, 96, 99]. However, an older study using an online student network
did not find a significant relationship between Openness to Experience and transitivity
[155]. Differences in networks studied, personality tests used, and methodologies ap-
plied could explain these contradictory results. Extraversion, on the other hand, was
not directly related to transitivity in the Facebook sample. The significant effect found
could be entirely explained through network size [99]. This relationship between trans-
itivity and Extraversion was also found to be significant in the online student network,
however, it is unclear if degree was controlled for during the statistical analysis [155].
Brokerage is a measure that quantifies the bridging power of a person in a network. A
person with high brokerage can control the flow of information between two otherwise
unconnected individuals. This can be a powerful position in an information-based
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network especially [48]. However, this broker position can also be stress-inducing,
as the cohesion of the network relies on one person. In line with this observation,
Neuroticism has been associated with brokerage. In two offline studies, neurotic people
have been found to occupy broker positions significantly more often than less neurotic
people [83, 82].
Summary of current literature
Personality in general has been shown to be significantly related to social network
structure, although results remain sparse in the literature. Extraversion, Openness to
Experience, and Neuroticism have been found especially to have significant effects
on network structure. Conscientiousness and Agreeableness have received much less
attention in general as evidenced in Figure 2.4. This might lead to these two facets to
be understudied, but potentially also under-reported in the literature if no significant
effects are found. Additionally, some differences emerged between online and offline
networks, see Figure 2.5. The evidence for other characteristics, like brokerage and
transitivity is much more sparse and inconclusive.
2.4 Homophily
Homophily, the tendency of similar people to connect, is closely related to personality
in social networks. As personality drives connections, it becomes logical to consider
its influence as an attractive force between people. Homophily is ubiquitous across
nature [53], even among mammals [104] and fish [37, 36]. Humans especially tend to
befriend others who are similar, a phenomenon referred to as homophily. In social net-
works, this homophily effect is particularly pronounced. Humans derive similarity with
others from a large range of characteristics and interests [109]. Age, gender, religion,
ethnicity, political affiliation, education are all examples of potentially homophilous
characteristics. Friendships are even subject to genetic homophily: friends tend to be
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Figure 2.5: Proportion of significant and non-significant findings in the literature
for Extraversion, Openness to experience, and Neuroticism, based on a selection
of 47 papers.
genetically more similar than non-friends [19]. Similarity induces trust and coopera-
tion, which might explain that people choose friends who are similar to themselves,
even down to their genetic make-up
2.4.1 Homophily in social networks
Homophily plays a role in a diverse range of contexts and situations, such as friendship
formation, social contagion, the evolution of cooperation; but also more negative as-
pects, such as social segregation and cultural polarization [53]. While homophily pro-
motes synergy, heterophily focuses on specialisation. Both have their advantages, with
homophily promoting cooperation and trust, and heterophily allowing for people to de-
velop specialised skills. In a series of simulation experiments, Fu and colleagues found
that homophily tends to evolve even if heterophily is more beneficial [53]. Strong ho-
mophily emerges especially when mutation rates are low. Provided pay-off for homo-
philic interactions are positive, all homophilic individuals, even those weakly prefer-
ring heterophily, do better than pure heterophiles. When mobility was modelled into
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the experiment, which increased the likelihood of individuals that had interacted before
to interact again, homophily still did better compared to heterophily [53]. Homophily
emerges under a wide variety of conditions. Fu and colleagues speculate that language
could be a strong homophilic driver. The authors also suggest that homophily is bene-
ficial for individuals who have started interacting more and more with unrelated others.
Similarity gives the illusion of kin interactions, which are perceived as safer and more
trustworthy [53].
Rivera and colleagues [127] propose three main influences in the formation of social
ties: assortment, initial network position, and proximity (both in time and space). Why
do people prefer to form ties with similar others? People expect similar others to be
more likely to accept them, to be trustworthy, and to hold similar beliefs [127]. This re-
duces maintenance costs, conflicts, and misunderstandings, and ultimately contributes
to a long-lasting and healthy relationship. It is no accident that homophily is strongest
among intimate pairs and close friendships [127]. However, just because people are
similar in one aspect, does not mean they are similar in all aspects. Balance between
homophily and compatibility is key. For example, best friends tend to be strongly ho-
mophilous on gender, while intimate pairs tend to be compatible instead. However,
overall, both types of relationships might be homophilous in some other aspect, like
shared interests for example. Social ties tend to be more homophilous than any other
form of ties, however. Organizational ties tend to greatly benefit from heterophily,
as they enable the collaboration between organisations or companies with different
expertise and skills. It is also important to note that every relationship is partly ho-
mophilous and partly heterogeneous It therefore makes sense to focus on homophilous
and heterophilous characteristics separately, rather than qualifying a relationship as
homophilous overall [127].
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2.4.2 Personality homophily
Personality homophily is less well studied in the literature than other homophilous
characteristics. This thesis aims to fill the current knowledge gap on personality ho-
mophily. However, some studies have addressed personality homophily and they are
outlined below. As previously discussed, people have a tendency to chose friends who
are similar in personality in offline networks [138]. Personality was also found to be
homophilous in an online setting [12]. Selfhout and colleagues [138] used an offline
social network of adolescent school students, Balmaceda and colleagues [12] derived
their data from interactions on an online discussion board. Across these two differ-
ent contexts, three personality facets emerged as consistently homophilous: Openness
to Experience, Extraversion, and Agreeableness. Personality preferences have been
explored in communication partner choice [12]. Balmaceda and colleagues found that
users with similar personality types were more likely to communicate with one another,
especially compared to users with an opposite personality type. For instance, extraver-
ted, agreeable and open users were respectively 80%, 75% and 96% more likely to
communicate with a similar user, compared to an opposite user (respectively intro-
verted, disagreeable, non-open). Interestingly, neurotic users were not so likely to
communicate with fellow neurotic users (6%). Emotionally stable users’ likelihood
to communicate with similar others was close to chance levels (58%). Similarly, con-
scientious users were not as likely to communicate with other conscientious users 42%.
Interestingly, extraverted, open, agreeable and emotionally stable users were also more
likely to communicate amongst each other [12]. It must be noted that in both samples,
the definition of homophily was operationalised differently. Selfhout and colleagues
[138] specifically looked at friend selection over a period of time, while Balmaceda
and colleagues [12] measured homophily by calculating whether discussions between
board members happened between members with similar personality traits or dissim-
ilar traits on each facet.
An interesting phenomenon to consider is the difference between actual and perceived
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similarity. In general, people perceive their friends as being more similar to themselves
than they actually are. Additionally, perceived similarity has a stronger effect on tie
formation online, compared to offline. This is probably due to the fact that people
online have less information about their interaction partner compared to face-to-face
interactions, especially the absence of non-verbal cues [7]. Furthermore, people expect
others to have similar friends [150]. People are perceived as more popular if their
friends are mostly perceived as extraverted than if they are perceived as introverted.
People were also perceived as socially more attractive when the number of friends
matched their perceived personality: extraverts are expected to have a lot of friends,
while introverts were expected to have a smaller number of friends [150].
2.4.3 Spatial homophily
As online social networks became popular and could be accessed via smartphones,
LBSN networks such as Foursquare and Gowalla started to emerge. Spatial homophily
has increased in importance as a result, as LBSN rely on recommendation systems to
suggest new locations to customers. Spatial homophily refers to the tendency of similar
individuals to assort at common locations [140].
Two drivers behind homophily are peer influence and social selection. In spatial homo-
phily, peer influence is the result of existing ties that compel people to visit the same
locations as their friends. Social selection is an antecedent of friendship ties. People
visit the same locations because they are similar, which might lead them to establish
friendship ties, based on that similarity [163]. Zhang and colleagues used spatial data
from the LBSN Gowalla to investigate the effects of peer influence and social selection
on spatial homophily [163]. Globally, peer influence did not have any effect on spatial
homophily. However, local peer influence did. Friends who were co-located indeed
influenced each other in the venues they visited, especially for sociable venues, such
as "food" locations (73% of similarity between Gowalla users explained by local peer
influence) and "coffee shop" locations (87% of similarity between Gowalla users ex-
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plained by local peer influence). Non-sociable venues, such as "airports" were much
less prone to local peer influence (only 8% of similarity between users explained by
local peer influence). Social selection showed that some venues attract more diverse
crowd, while others attract more specialized crowds. General venues through which a
variety of people pass through, such as airports, are characterized by a diverse crowd,
as exemplified by their low clustering score and high network size (also referred to as
degree) [163]. On the other hand, venues like small coffee shops or restaurants attract
more specialized crowds, as exemplified by their high clustering, but low degree [163].
2.5 Geographic distance in social networks
The probability of two people being connected in a friendship-based network is well-
known to decrease with distance [97, 91, 11, 14, 40]. Backstrom and colleagues [11]
demonstrated that the relationship between distance and connection probability was
stronger for medium to large distance, but much weaker at short distances (below
50 miles approximately). Distance also appears to matter less when people are close
enough to easily be able to travel to see each other face-to-face, or engage in activities
together [7]. Interestingly, frequency of mobile and online communication decreases
with distance [93], but the duration of phone calls appears to increase and then level
out after 60km [91]. More generally, it is proposed [91] that communication networks
appear to have two main levels: short-distance communication has high clustering, but
is of short duration, while long distance communication has smaller clustering, but
tends to last longer.
2.5.1 Distance as a constraint
Proximity is also an important constraint in social relationships [133]; it is therefore of
interest to look at the spatial component of social networks in our study, which have
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become more relevant to the wider population through location-based social networks
[62, 35, 140]. Proximity, both social and geographic, is essential for friendships to
form [90]. In turn, friendships can influence the social venues we frequent [163].
We refer to spatial networks as any network whose nodes are connected based on a
geographic or spatial unit. The spatial self has emerged as a new form of identity
in online social networks, most of which have location-sharing functionalities [136].
Dedicated Location-based social networks (LBSNs), such as Foursquare or Gowalla
are spatial networks with a social component, in which people share their location with
friends [136]. Purely spatial networks are interesting in that they tend to be neither
assortative, nor disassortative. This makes them stand apart from social networks,
that tend to be assortative, and technological networks, which tend to be disassortative
[14]. In LBSNs, which have a social component, strong local clustering is observed
instead [163]. Spatial constraints modify the graph characteristics of social networks,
for example, spatial constraints restrict the appearance of large degrees [14]. Spatial
constraints also lead to large fluctuations of betweenness centrality. Hubs are usually
central, but get even closer to the centre of gravity of all points in a spatial network
[14].
2.5.2 Location Based Social Networks and people’s spatial identit-
ies
A person’s location history is an increasingly important part of their online identity
[136]. On a large scale, research has shown that entire regions of the UK could be
characterized by the average personality profile of its residents [126]. As a result,
Wales could be qualified as "introverted" and "neurotic", while Scotland was found to
be "agreeable" and "emotionally stable" [126]. Similarly, neighbourhoods in London
have also been identified according to the personalities of its residents [79]. Residents
in the centre of London scored, on average, high on openness, but low on Agreeable-
ness. Residents of more peripheral neighbourhoods were low in Neuroticism, but high
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in Conscientiousness [79]. Personality homophily has been shown to mitigate the ef-
fect of location on life satisfaction [79]. Open individuals were happiest in neighbour-
hoods with a high prevalence of similar others, while for other personality facets, life
satisfaction in a particular location was not affected by the presence of similar others
[79].
The mobility patterns of a city’s residents have previously been used to derive the
overall character of the city in question [35]. People who shared similar interests had
a tendency to visit the same network of venues spread across the city, rather than stay-
ing confined to their respective neighbourhoods [35]. Furthermore, people are able to
derive personal characteristics of others, based on the places they visit [62]. Users of
the location-based social networking application Foursquare were able to predict the
personalities of patrons based on pictures of the locations they had visited with 69%
accuracy [62]. On the other hand, location ambiance and typical activities carried out
by visitors proved harder to predict, with only 32% and 33% accuracy respectively
[62].
Personality has been shown to influence the use of Foursquare, a Location-Based So-
cial Network (LBSN). Chorley and colleagues found that Conscientiousness was pos-
itively related to number of venues visited, while Neuroticism was negatively related
to it [25]. Personality appears to be directly linked to our mobility pattern presented
through LBSN applications. The question that arises from these findings is whether
venues attract people with certain personality traits. This thesis will endeavour to an-
swer this question by analysing the visiting patterns of users with similar personalities.
2.5.3 Applications
Most recommendation systems, whether for movies, clothes, or activities, rely on ho-
mophily to predict what a potential consumer might like. This works in two different
ways. First, a consumer might like similar products to the ones they have already pur-
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chased or consumed. Second, people who are similar, might like the same types of
products. Finally, we can also find effects of brand personality on brand loyalty and
trust. People might be attracted to brands that match their personality. Brand person-
ality is an emerging field of study, which has developed several models of personality
to fit brands [162, 100]. Some brand personality measures have focused on exclusively
attributing human characteristics to brands in order to make them more comparable
[56]. Others have argued that brand personality and human personality are not com-
parable, since the former is a concept and does not act like humans do [144]. These
studies tend to use measures that involve non-human attributes such as Ruggedness,
or much less basic qualities, such as Sophistication [1]. Consumers are likely to like
brands with similar personalities, even if the type of product is very different.
It is also of interest to study how humans form and maintain connections online. Social
media has become ubiquitous in the developed world. Understanding how online social
networks work, especially in contrast to offline networks will contribute to a better
understanding of modern humans sociality and social media use. Brand personality
is an interesting and exciting field of research, which can benefit many companies by
adapting their brand personality to attract their target audience.
Social networks and social media use have been linked to personality pathology [28,
29]. Social network position can help identify potential psychological ailments in pa-
tients. Different personalities deal with social media differently, with some more prone
to use it than others. Conscientiousness and Extraversion protect against social media
use; the former seeing social media as a distraction, and the latter preferring meeting
people in person over it. Neuroticism and Introversion can have an interesting relation-
ship with online social media, with the former relying on social media for support and
validation, and the latter being able to express their true self more comfortably online
than offline [5].
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2.6 Motivation and knowledge gap
In this thesis, the aim is to primarily investigate personality homophily in the con-
text of online social networks, namely whether people with similar personalities have
a higher tendency to become friends. While investigating personality homophily, we
additionally check for distance as a potentially moderating factor. Distance represents
one of the main constraints on network structure and tie formation. Furthermore, dis-
tance represents a typical example of induced homophily, while personality represents
a typical example of choice homophily.
The knowledge gap we aim to fill in this thesis spans across two different topics: per-
sonality homophily and geographic distance. Both topics influence the structure of
social networks, and in our case, that of online social networks. While personality
homophily drives people together and fosters connections between them, geographic
distance has the potential to keep people apart and break up connections. By looking
at both factors together, we aim to gain a better and more complete understanding of
the structure of online social networks. The gaps we aim to fill are as follows:
The role of personality homophily in online social networks: One of the primary
aims of the thesis is to complement the knowledge on personality homophily in online
social networks. None of the studies carried out so far have used a representative online
social network such as Facebook to investigate this phenomenon. Facebook is based
on offline networks and mimics its mechanisms, which makes it the social networking
site of choice for studies on online networks.
Homophily and geographic distance: One aspect that none of the personality homo-
phily studies mentioned so far [101, 138, 12, 50] take into account are the geographic
constraints and their potential influence on homophilous tie formation. We are espe-
cially interested in the relationship between distance and personality homophily, and
how this influences connections and social network structure. Personality has been
shown to affect the way we stay in touch with others at longer distances [72]. This
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indicates that distance could have a potential moderating effect on personality homo-
phily. This thesis will address this relationship between personality homophily and
distance at a local scale using Foursquare data, but also at a global scale using Face-
book data.
Locations as homophilous hubs: The relationship between personality and location
has been studied at different levels: countries, cities, and neighbourhoods [126, 79, 35].
However, few have considered the venues we frequent [25, 26]. None have studied
venues as a potential attractive force for people with the same personality. People
constantly choose one venue over the other when going shopping, or out to eat. We
investigate the role personality plays in venue selection, and whether personality ho-
mophily drives venue choices.
The aim of this thesis is to fill the knowledge gap outlined above by answering the
questions stated at the end of the introduction:
1. What is the relationship between personality homophily and the structure of an
online social network? (Chapter 3)
2. What is the relationship between personality homophily and the geographic dis-
tance between people of an online social network? (Chapter 4)
3. Are people who are similar more likely to be attracted to the same venues?
(Chapter 5)
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Chapter 3
Personality Homophily in Facebook
Parts of this chapter have been presented at the peer-reviewed conference ASONAM
2016 and published in its proceedings: N. Noë, R.M. Whitaker, and S.M. Allen. Per-
sonality Homophily and the Local Network Characteristics of Facebook Personality
Homophily and the Local Network Characteristics of Facebook. In: 2016 IEEE/ACM
International Conference on Advances in Social Networks Analysis and Mining (ASO-
NAM), 2016.
3.1 Introduction
In this chapter we explore the relationship between personality and online social net-
work structure with the aim of answering the following research question: how does
personality homophily affect the structure of an online social network?
While taking into account demographics of age and gender, we assess the extent to
which personality homophily is evident in the local network features of Facebook.
More specifically, we look at the relationship between different personality facets and
common network characteristics, such as degree and transitivity. Furthermore, we ex-
plore the effects of personality similarity on the connections between users. We look
at different measures of connection to gain a clear understanding of the personality ho-
mophily effects at work in an online social network. We first look at the proportion of
similar pairs and mixed pairs among connected users, and compare these frequencies
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to those of unconnected users. The second approach focuses on strength of connected-
ness between users, while the third approach focuses on whether a triad of users are
all interconnected (transitive) or only partly (intransitive). We use regression models
and Welch’s t-test to test for statistical significance. These analyses are carried out
in a sample network of one of the most widely used social media platforms to date:
Facebook.
We consider both a global view of a network of connected Facebook users through
their overall degree and transitivity scores, but also their local connections in the form
of pairwise relationships and triads.
The data used in this chapter has been obtained through an agreement with the psy-
chometrics group at Cambridge Judge Business School 1. The MyPersonality data
is a collection of datasets obtained from Facebook users with their explicit consent,
through a personality questionnaire on Facebook. Users were aware that, if they de-
cided to share their data, it would be used for academic research purposes only. The
MyPersonality data has been a valuable academic resource for researchers across the
world interested in personality and online social networks. More information on the
MyPersonality datasets used in this chapter are provided in Section 3.2.2
In order to answer the research question posed at the beginning, the chapter has been
broken down into the following parts:
1. In section 3.1.1, we elaborate on Facebook, as the social media platform on
which the dataset used in this chapter is based.
2. In section 3.1.3, we summarise two different sets of hypotheses, one pertaining
to network characteristics, and the other to homophily.
3. In section 3.2, we elaborate on the characteristics of our dataset, which is a subset
of the MyPersonality data.
1https://www.psychometrics.cam.ac.uk/productsservices/mypersonality
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4. In section 3.2.3, we define each of the variables obtained or derived from the
MyPersonality data, and any equations we used during that process.
5. Planned analyses are outlined in section 3.2.5. Regressions, Welch’s t-test, and
chi-square tests were used to investigate the hypotheses outlined in section 3.1.3.
6. In section 3.3, we present the results pertaining to each of our hypotheses defined
in section 3.1.3. We first present effects relating to age and gender, we then go
into more detail regarding degree, transitivity, and finally, homophily.
7. In section 3.4, we assess the support found for each hypothesis, alternative ex-
planations for the findings, and any limitations pertaining to this chapter.
8. In section 3.5, we summarise the main findings of the chapter.
In regards to the findings, we add valuable insight into how individuals are more likely
to cluster at the sub-network level, which contributes to the overall structure of the
network. Identifying sub-network patterns and how pairwise connections are more
likely to form complements research on global network assortment.
3.1.1 Characteristics of Facebook
Facebook is one of the most used social media platforms in existence today and has
grown exponentially since it opened to the public in 2005 [151]. The idea of Facebook
is to connect with friends using one’s real name and identity. This distinguishes it from
online discussion forums, like Reddit, which are usually anonymous. Connections are
bi-directional, meaning that a friend request must be accepted by the other party be-
fore information is shared between the two Facebook profiles. The main directive of
Facebook is for a person to share their life experiences with their friends through the
numerous options available to them on the platform: photos, videos, posts, groups,
events. Facebook is the most used social media platform to date with 1.15 billion act-
ive daily users. On average, people spend about 20 minutes on Facebook and 50% of
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18-24 year olds go on Facebook first thing in the morning. Social media appears to
be an important part of young peoples lives especially [119]. There is a slight gender
disparity in Facebook usage: 76% of women and 66% of men are on Facebook [119].
This gender disparity has also lead to the sample presented in this chapter being skewed
towards female participants. However, we check for gender effects to account for this
imbalance. Facebook has an offline-to-online dynamic, meaning that people usually
know each other offline before connecting on Facebook. In a study on the composi-
tion of Facebook friends, only 4% were classified as strangers and 2% as online-only.
The biggest group was acquaintances with 27%, followed by activity (people met dur-
ing leisure, work, or study activities) with 24%. Close friendships comprised 21%
and maintained (past relationships and friendships) represented 18%. 4% were unac-
counted for [102]. For 400 friends, this corresponds to 80 close connections, which
would be in the range of one’s active network (about 50 connections) [68]. Maintain-
ing one’s active network through Facebook makes sense: people even at a distance can
be reached and frequent low effort contact, such as wall posts, make it easy to maintain
these relationships. Such Facebook posts, especially of important life events, can help
keep one’s active network involved in one’s life, without having to go through the ef-
fort of calling or seeing each person individually. While online interactions are not as
effective as offline face-to-face ones to maintain ties, they can still help keep someone
"present" in other people’s mind.
3.1.2 Motivation for Hypotheses
Previous literature extensively covers the influence of an individual’s personality on
network characteristics, but the influence of personality homophily has not been well
addressed. Regarding individual personality, not all effects appear to be robust across
replications with different samples, methods and social networking platforms. Several
studies have used network characteristics to predict personality [143], or have used
Facebook data, such as status updates, for predictive models of personality [103, 49].
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Automatic classification systems of personality traits based on network characteristics
have also been developed [96]. Other studies have specifically focused on the inter-
play between personality and network characteristics [85, 83, 99, 52]. For example,
the correlation between Extraversion and network size has been repeatedly supported
across different networking platforms (i.e., friends on Facebook [4, 52, 103, 139], on-
line communities [135], or followers on Twitter: [123]).
The explosion of online social networks such as Facebook has allowed new ways in
which relationships can be maintained, providing insight into fundamental human be-
haviour [160]. From this perspective, personality has been shown as influential in
online settings, especially in how people use social media [31, 130, 4, 112, 26] and the
Internet [67, 6, 92] to the extent that it is possible to predict user’s personality traits
based on their online interactions [88, 86].
We develop hypotheses based on the existing literature, initially considering relation-
ships between individual personality traits and network characteristics, with hypotheses
italicised.
Network size
Starting with Extraversion and network size, it is prudent to confirm whether or not
our dataset reflects the positive correlation evident in previous work [4, 52, 103, 139]
(Hypothesis 1b). These results have been obtained in a range of online networks, but
each social media platform and dataset is different. Replicating the existing results
will give us confidence that the dataset is similar to other social networks studied pre-
viously. We extend the existing findings by considering other personality facets, and
hypothesise that there is a basis for Neuroticism to have a negative effect on network
size (Hypothesis 1b). This arises from a communication study that identified neurotic
users as unpopular interaction partners in an online discussion board [12], especially
between fellow high scorers on the facet. Network size was also a significant feature
to predict Neuroticism in Markovikj et al’s personality prediction model [103].
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Transitivity
Transitivity measures the embededness of a person in their network. Openness and
Extraversion have previously been negatively associated with transitivity [83, 96, 99].
A negative effect of Extraversion on transitivity can possibly be explained through the
associated higher degree of nodes while the negative effect of Openness to Experience
on transitivity appears to be only significant for men [99]. This study had a smaller
sample size (4, 305 nodes compared to 313, 669 nodes in this dataset) and therefore we
reconsider whether Openness to Experience and Extraversion are negatively related to
transitivity for our case study (Hypothesis 1d). As in [99], we control for the possible
effects of gender and degree, hypothesising that the effects of Openness to Experience
on transitivity are moderated by gender, while effects of Extraversion on transitivity
are mediated by degree (Hypothesis 1e).
Effects of age and gender
Gender plays a significant role in social media use, with females and males using
Facebook functions differently depending on their personality [31, 4]. In a study on
social media use and identity, extraverts were most likely to construe their offline self
as their “real-me", while neurotic users were more likely to construe their online self
as their “real-me" [67]. The effect for Extraversion was significant for both males and
females, while the effect for neurotic users was driven by female users [67].
Age is another demographic factor that might confound effects of personality. Per-
sonality is assumed to remain relatively stable over the lifespan, but some variation
occurs. For example, Neuroticism has been found to decrease with age in women,
while Agreeableness and Conscientiousness have a tendency to increase [107, 142].
Another study found differences in all Big five facets over the lifespan [128]. We
therefore take into account age as a possible confounding factor in our sample, as the
MyPersonality sample is quite young, with a mean age of 24. In fact age might also
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influence network characteristics, as number of friends on Facebook have been shown
to decrease as age increases [52]. Additionally, age and gender have been found to
be homophilous in a mobile network study [42]. This same study also highlighted the
tendency of young people to expand their social networks, while older people tended
to focus on maintaining fewer, but closer ties. Finally, younger people tend to form
social connections with both same and opposite gender friends, especially during their
reproductive active years. Older people tend to focus on maintaining same-gender ties
instead. Gender and age are therefore important control factors that should be taken
into account when studying social networks online and offline, considering the gender
differences that exist in how social media is used [4], the age-related differences in
personality scores [142], and how gender affects fundamental network characteristics,
such as transitivity [99]. We therefore hypothesise that differences exist in personality
scores for both gender and age (Hypothesis 1a) and have the potential to moderate
personality homophily effects (Hypothesis 2e). Age and gender indeed both emerge as
homophilous factors in previous research [109]. Individuals are more likely to befriend
others of the same gender and who are of a similar age.
Homophily
The strongest homophily effects are observed for race and ethnicity, followed by age,
religion, education, occupation and gender [109]. Additionally, other factors have also
been identified as homophilous in online social networks, such as music taste [71], res-
idential location [71], or simply, overall perceived similarity [7]. Even psychological
dispositions, such as happiness or loneliness, have been found to be homophilous in
social networks [109, 20].
Notably fewer insights have emerged on personality homophily, although it has been
established for behaviour in communication networks. Users high on Extraversion,
Agreeableness and Openness prefer to communicate with similar others on an online
discussion board [12]. Interestingly, these same personality facets have been found
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to be homophilous in offline friendship networks as well [138]. Both studies also
found that extraverts were more likely to initiate contact, while agreeable people were
the most popular candidates for friendship requests [138] and as online interaction
partners [12]. An interesting effect was observed for Neuroticism, which proved to be
disassortative in the communication-based network [12].
Based on these observations, we hypothesise that Facebook users with similar person-
alities are more likely to be connected than people who have different personalities
(Hypothesis 2b). Although there are considerable differences in sampling (size and
generality), it is reasonable to expect some consistency with [12, 138]. In addition to
considering connectedness as a binary variable (connected or not-connected), we con-
sider the strength of the relationship instead. As we have no qualitative information on
the actual relationships between Facebook users, we use shared number of friends as a
proxy for connectedness. People with many mutual friends tend to be closer than those
who have relatively fewer friends in common. Previous work has also highlighted that
homophily is stronger the closer two people are. Indeed, homophily has been shown
to be strongest among couples, followed by close friends [161].
We also consider an additional measure of connectedness: triangle closure. If simil-
arity in personality indeed predicts connectedness between two nodes, we also expect
nodes in closed (transitive) triangles, in which all nodes are directly connected, to be
more similar than in open (intransitive) triangles, in which two nodes are only indir-
ectly connected through a broker. We hypothesise that personality similarity is higher
in closed triangles than for open triangles for Openness, Extraversion and Agreeable-
ness (Hypothesis 2c). Additionally, we will explore whether similarity in Conscien-
tiousness is related to triangle closure and strength of connectedness. We keep the
hypothesis two-tailed because of the lack of prior support for this facet (Hypothesis
2d).
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3.1.3 Summary of Hypotheses
1. Network characteristics and demographics
(a) Personality scores differ between genders and across age.
(b) Extraversion is positively related to network size
(c) Neuroticism is negatively related to network size.
(d) Openness to Experience and Extraversion are negatively related to transit-
ivity.
(e) Effects of Openness to Experience on transitivity are moderated by gender,
while effects of Extraversion on transitivity are mediated by network size.
2. Personality Homophily
(a) Users with similar personalities are more likely to be connected than people
who have different personalities.
(b) Similarity in Openness to Experience, Agreeableness, and Extraversion is
positively related to strength of connection.
(c) Personality similarity is higher in closed triangles than in open triangles for
Openness, Extraversion and Agreeableness.
(d) Personality similarity differs for closed and open triangles, and varies with
strength of connectedness for Conscientiousness.
(e) Gender moderates the effect of personality similarity on connectedness.
3.2 Methodology
The data used in this paper was provided by collaboration with the MyPersonality
project [87]. The nature of the data does not allow us to make any causal inferences,
but does allow us to uncover relationships between personality and social network
structure.
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3.2.1 Data collection
Permission was granted to use parts of the MyPersonality datasets by the MyPerson-
ality research team [87]. The MyPersonality datasets are based on Facebook and per-
sonality information voluntarily disclosed by participants. All data was anonymised by
the research team and data was only gathered with explicit consent from participants.
Participants could complete a Personality Questionnaire on Facebook. The applica-
tion showed participants their personality scores on each of the five facets of the Five
Factor model at the end of the questionnaire. After receiving their results, they were
then asked whether they would be willing to share their profile information and geo-
graphic location with the application. Participants did not have to provide this inform-
ation to get their personality test results. The questionnaire application was available
between June 2007 and 2012, and about 40% of participants provided their profile in-
formation [87]. Data from friends was not gathered, only the total number of friends
were known. Connectivity data was only recorded if both friends had completed the
personality questionnaire and accepted to grant access to their profile information. The
data as provided by the MyPersonality team is not personally identifiable and cannot
be traced back to individuals.
3.2.2 Description of MyPersonality Datasets
Two main datasets were used, the triad dataset and the ego-network dataset. The triad
dataset contained information about triangles of friends from Facebook who had filled
out a personality questionnaire and provided additional demographic (gender, age) and
geographic information. The ego-network dataset contained network metrics such as
network size, transitivity, and brokerage of Facebook users, calculated by the MyPer-
sonality research team. The summary of the data provided by MyPersonality is found
in Table 3.1.
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Table 3.1: Variables provided by MyPersonality from two different datasets: ego-
networks and triads.
ego-network dataset
variable description
transitivity transitivity score of a user based on their overall network
network size overall number of Facebook friends of a user
brokerage brokerage score of a user based on their overall network
triad dataset
variable description
broker id of the the broker node of a triad
friend1 id of a Facebook user connected to broker
friend2 id of a second Facebook user connected to broker
transitive whether friend1 and friend2 are friends
O_b, O_f1, O_f2 Openness score for broker, friend1, friend2 respectively
C_b, O_f1, O_f2 Conscientiousness score for broker, friend1, friend2 respectively
E_b, O_f1, O_f2 Extraversion score for broker, friend1, friend2 respectively
A_b, O_f1, O_f2 Agreeableness score for broker, friend1, friend2 respectively
N_b, O_f1, O_f2 Neuroticism score for broker, friend1, friend2 respectively
Characteristics of ego-network and triad datasets
The ego-network dataset contained information about ego networks; the pre-computed
values for node transitivity and network size were of interest for our hypotheses. The
intersection of the this dataset with the triad dataset containing personality informa-
tion resulted in a sample consisting of 9, 659 nodes. The variables considered for each
node were the five personality scores from the personality questionnaire (Openness,
Conscientiousness, Extraversion, Agreeableness, Neuroticism), their connected alters’
personality scores, their network size, and transitivity. The full dataset of 313, 699
cases will be referred to as the triad dataset, while the reduced dataset of N = 9, 659
will be referred to as the ego-networks dataset. The ego-networks dataset is used to
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answer Hypotheses 1d and 1e. The triad dataset of 313, 699 was used to answer hypo-
theses 1a, and 2b to 2e. A breakdown of the definitions and equations for the different
network characteristics used is provided in Section 3.2.3.
Measures of degree and transitivity capture the more global characteristics of a net-
work of Facebook users. However, these values are pre-computed, and do not allow
for many additional inferences beyond their relationship with the different personality
facets. The personality homophily analyses focus on the local characteristics of the
network, which we have more control over through the creation of a network graph,
G. This restriction is partly due to the way the data was collected. Rather than focus-
ing on a person and their entire ego-network, the data relied on users being interested
in completing a Personality questionnaire. Friendship data between two people could
therefore only be assessed if both of them completed the questionnaire. As a result,
the average degree in the network derived from the personality data is 6 friends, and
global density is very low, see Table 3.2. As the actual network G is very sparse and
missing a lot of links that could be there, we prefer using the pre-computed versions
of degree and transitivity to get a better picture of their relationship with the different
personality facets. We study sub-networks of the overall network in terms of pairs and
triads, which represent meaningful connections between people in this network, rather
than its overall structure. Figure 3.1 displays a subgraph of G,illustrating how sparsely
connected the network is. 1000 edges were randomly selected to be represented in
PowerBI, as displaying all of the edges resulted in an unreadable network graph with
too many overlapping nodes. As can be seen, the network is composed of many "is-
lands" of users connected to each other but otherwise disconnected from the rest of the
graph.
Together, the information from the triad dataset formed a network, denoted graphG, of
313, 699 nodes and 627, 503 edges, see table 3.2 for a breakdown of the characteristics
of G.
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Table 3.2: Network characteristic values for network G
characteristic value
number of nodes 313, 699
number of edges 627, 503
average clustering .14
graph density 3.18 ∗ 10e−6
graph transitivity .15
Figure 3.1: Network representation of 1000 randomly selected edges from G
3.2.3 Ego-centric network characteristics
Ego-centric networks offer information about a central actor, ego, and all its connec-
tions, referred to as alters. The below definitions and equations apply to every single
ego network from the MyPersonality ego-networks dataset [87]. The open-source stat-
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istics software R was used to compute most of the network characteristics [147]. The
following definitions are applied.
1. Network size : total number of nodes in ego’s network, including ego.
2. Transitivity: this is the fraction of possible triangles that exist involving ego.
Transitivity for ego node e is defined as:
2 ∗ e_triangles
e_degree ∗ (e_degree− 1) (3.1)
where e_triangles denotes the number of triangles including e and e_degree is
the degree of e.
3. Strength of connectedness: The relative number of common neighbours a pair
of nodes u,v have, normalised by their combined network size, defined as:
|N(u) ∩N(v)|
|N(u)|+ |N(v)| (3.2)
where u and v are two connected nodes in the network graph G (see Table 3.2),
and N refers to the node’s degree in G.
4. Triangle closure: Triangle closure is a dichotomous variable, which takes the
value of 0 for open triangles and 1 for closed triangles in G. Open triangles are
triads in the Facebook dataset that have a broker with two unconnected friends.
Closed triangles have brokers with two directly connected friends.
A high transitivity score is an indication of a more connected network. Strength of
connectedness and personality variances measure the relative similarity through con-
nectivity, while triangle closure further provides local connectivity information.
3.2.4 Personality measures
Both continuous and categorical measures are used for personality, but were all derived
from the scores obtained by Facebook users on the Five Factor model of personality.
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Questionnaires used for the MyPersonality dataset are based on the NEO-PI-R de-
veloped by Costa and McCrae [33]. The personality questionnaires used ranged from
20 to 100 items and were all derived from the IPIP [59]. Each item was answered on a
5-point Likert scale and responses were averaged across all items to give a single score
on each of the five facets for each participant.
Overall personality similarity
We used variance to measure personality similarity in open and closed triads. The
equation below is applied to each triad in the dataset, for each facet separately, resulting
in five similarity measures for each triad. x represents the facet score for nodes u,
v, and w, while x¯ represents the mean, and n represents the number of terms in the
distribution: ∑
(x)2
n− 1 − x¯
2 (3.3)
Note that a lower variance score represents higher similarity.
Tercile scores
The personality scores for all users were divided into terciles to obtain a categorical per-
sonality variable. The values of the cut-offs used for this tercile approach are presented
in Table 3.3. Participants scoring equal or below the lower cut-off were considered low
scorers. Participants scoring equal or above the upper cut-off were considered high
scorers. Participants scoring between the lower and upper cut-off were considered
middle scorers. This approach has been successfully applied in previous work [130, 4].
For this study, we consider low and high scorers for each facet, allowing a focus on the
facet’s extremes. Middle scorers were taken out of the analyses.
We opt to use terciles in our analysis for two main reasons. Firstly, individuals tend
to shy away from extreme values in surveys that use midpoints [156]. Creating ter-
ciles helps disentangle low, middle and high scorers in view of this natural tendency.
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Table 3.3: Terciles cut-offs for personality scores
facet lower cut-off upper cut-off
Openness to experience 3.47 4.14
Conscientiousness 2.95 3.74
Extraversion 3.24 3.95
Agreeableness 3.25 3.82
Neuroticism 2.29 2.95
Secondly, terciles allow a clearer demarcation between the stronger and weaker scores,
through which the low and high terciles can be used to test hypotheses that concern
extreme values (e.g., extraverts and introverts). The use of terciles also increases stat-
istical sensitivity as the effect sizes in these type of studies tend to be small. For similar
reasons, this approach has been successfully adopted for the analysis for personality in
a number of settings (e.g., [4, 130, 135]).
Based on their personality category (low or high), each pair of nodes is separated into
one of three categories for each facet: mutually low scoring pairs (both users scored
low on the facet), mutually high scoring pairs (both users scored high on the facet), and
mixed pairs (one user scored high, and the other low, on the facet).
Table 3.4: Definition of low and high scorers for each personality facet
facet low scorer high scorer
Openness to experience not open open
Conscientiousness unconscientious conscientious
Extraversion introverted extraverted
Agreeableness disagreeable agreeable
Neuroticism emotionally stable neurotic
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3.2.5 Planned analyses
For Hypothesis 1a, multiple linear regression was used for age, and Welch’s t-test was
used for gender effects. For hypotheses 1b and 1d, linear regression was used. For
hypothesis 1e, a mix of linear regression and Welch’s t-test was used. Welch’s t-test
is an alternative version of the Student t-test which is robust against unequal variances
and unequal sample sizes [131]. For Hypothesis 2a, we used chi-square to test the
difference between expected and observed frequencies of connected same and mixed
pairs to non-connected same and mixed pairs. Expected frequencies are generated in
SPSS using the chi-square model. These expected frequencies are based on chance
levels, but take into account sample size distributions if they differ between the groups
that are being compared. In this case, mixed pairs have a smaller N compared to
same pairs. This data unbalance is taken into account when expected frequencies are
generated. For Hypothesis 2b and 2e, multiple linear regression and ANOVA were used
to test the effect of personality similarity on strength of connection, and the moderating
effect of gender. For Hypothesis 2c, Welch’s t-test was used to compare the differences
between open and closed triangles in terms of personality similarity. Open triangles
were much more frequent than closed triangles, which prompted the use of Welch’s
t-test over ANOVA. We adopt a Bonferroni-corrected alpha level of .001 to account
for the numerous tests carried out in the following analyses. The Bonferroni-corrected
alpha level was obtained by dividing the starting alpha level (0.05) by the number of
tests carried out (N=50). All statistical analyses are carried out using IBM SPSS 23
[74], while the data restructuring, including the building of network representations
were carried out in Python, using the networkx package [152, 66].
3.2.6 Descriptive Statistics
Table 3.5 provides descriptive statistics on the personality scores of the full N =
313, 699 triad dataset. Missing data accounts for the variation in sample size between
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Figure 3.2: Distribution of scores for each of the five personality facets.
the facets. The means and standard deviations for each sample seem typical of an
online Internet population [142]. Inter-correlations between facets were small, ran-
ging from 0.01 to −0.36. The highest correlations between facet scores was between
Agreeableness and Neuroticism. The distribution of personality scores can be found in
Figure 3.2.
Table 3.5: Descriptives for personality scores in the sample
personality facet N minimum maximum mean std
Openness 313, 519 0.00 5.00 3.76 0.74
Conscientiousness 313, 520 0.00 5.00 3.40 0.78
Extraversion 313, 521 0.00 5.00 3.55 0.85
Agreeableness 313, 521 0.00 5.00 3.47 0.76
Neuroticism 280, 100 0.00 5.00 2.73 0.83
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3.3 Results
We first tested the effects of age and gender on personality to uncover any biases that
might arise from these two demographic variables. We then explored the effects of
personality on different network characteristics in accordance with our hypotheses.
We adopt a conservative alpha-value of .001 to account for the large number of tests
carried out.
The following standard symbols are used to report test statistics:
1. t stands for t-value, the test statistic from a t-test
2. χ stands for the chi-square test statistic
3. N stands for sample size
4. M stands for mean
5. SD stands for standard deviation
6. SE stands for standard error
7. β stands for standardized regression coefficients
8. B stands for unstandardised regression coefficients
9. p stands for p-value
3.3.1 Age
We explore the relationship between age and personality, with a view to accounting for
this as a possible mitigating factor in subsequent analyses. It must be noted, however,
that our study is not longitudinal, and therefore it does not measure changes in person-
ality over the lifespan. Instead, the goal is to uncover any differences in personality
between younger and older Facebook user cohorts. The triad dataset of N = 313, 699
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cases was used. The Facebook sample was on average quite young, with a mean age
of M = 24.6(7.06) and a median age of 22. The youngest person was 18 and the
oldest 60. Skewness was 1.84(.006), while kurtosis was 3.65(.011). This could be
because Facebook mainly attracts a young audience. It must also be noted that age
information was absent for N = 130, 979 users, resulting in a reduced sample size of
N = 182, 690, which could further skew the results.
We tested the effect of all five personality facets on age separately first to identify
significant effects. Based on the literature [128], we would expect all facets to vary
with age at least somewhat. Among these, Conscientiousness (p < .0001) and Agree-
ableness (p < .0001) were significant. Surprisingly, Openness (p = .78), Extraver-
sion (p = .24) and Neuroticism (p = .67) did not differ with age, see Table 3.6
for a breakdown of the test statistics. Agreeableness (B = 0.048, SE = 0.022,
t(2, 182590) = 2.15, p = .032) no longer had a significant effect when controlling
for Conscientiousness (B = 1.40, SE = 0.022, t(2, 182590) = 64.42, p < .0001),
bearing in mind our conservative alpha value of .001; the results for all personality fa-
cets can be found in Table 3.6. The model with Agreeableness and Conscientiousness
had the highest R2 value, but was only able to explain 2.5% of variation in age. Age
increases by one year with every 1.4 increase in Conscientiousness.
Table 3.6: Relationship between Agreeableness and Conscientiousness scores and
age.
dependent variables B SE t p-value
Openness to experience −0.006 0.022 −0.28 .78
Conscientiousness 1.41 0.021 68.76 < .0001
Agreeableness 0.51 0.021 23.89 < .0001
Neuroticism −0.009 0.022 −0.42 .67
Extraversion 0.023 0.019 1.19 .24
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As age did not have an effect for most personality facets, it was not further considered
as a control variable.
3.3.2 Gender
Gender differences in social media usage and their interaction with personality have
been studied in the literature [67, 5], but are not as often considered in studies on
personality and social networks, with a few notable exceptions (e.g., [99]). We first
explore whether any differences exist between male and female Facebook users, using
the triad dataset. The non-parametric Welch’s t-test [131] was used to explore differ-
ences in personality between male and female users, since homogeneity of variance
was violated for Conscientiousness (p = .006), Extraversion (p < .0001), Agreeable-
ness (p < .0001), and Neuroticism (p < .0001). Welch’s t-test provides a robust test
of the equality of means for samples with unequal variances across populations with
unequal sample sizes [131]. The results can be found in table 3.7. Openness to Ex-
perience, Conscientiousness, Agreeableness, and Neuroticism all significantly differ
between males and females. It must be noted, however, that effect sizes are extremely
low for these results, varying between r = .002 and r = .003.
This means that, although a consistent difference between both genders was found, as
expected from Hypothesis 1a, these differences are minimal, as seen in their means
(Table 3.7).
3.3.3 Network size
To answer Hypothesis 1b on network size, the ego-networks dataset of N = 9, 659
cases was used. Ego networks ranged from 22 to 1997 alters, with a mean score of
338 (SD = 299.7). Extraversion indeed had a positive effect on network size, with
B = 76.00(3.69), t(9457) = 20.57, p < .0001. This means that for each point-increase
on the Extraversion scale, a user had on average 76 more friends. As predicted by
74
Table 3.7: Differences in personality between male and female Facebook users.
personality facet t p-value NF NM mean F (SD) mean M (SD)
Openness 17.69 < .0001 5376 3285 3.9(0.65) 4.0(0.63)
Conscientiousness 23.67 < .0001 5376 3285 3.5(0.71) 3.4(0.72)
Extraversion 0.70 .40 5376 3285 3.7(0.81) 3.7(0.83)
Agreeableness 10.77 .001 5376 3285 3.6(0.68) 3.6(0.72)
Neuroticism 238.09 < .0001 5348 3251 2.8(0.81) 2.6(0.81)
Hypothesis 1b, Neuroticism indeed had a negative effect on network size, with B =
−37.20(3.74), t(9395) = −9.95, p < .0001. Thus for every point-decrease on the
Neuroticism scale, a user loses 37 friends on average. These results confirm previous
findings in the literature concerning Extraversion, Neuroticism and network size.
3.3.4 Transitivity
Finally, the ego-network dataset was used for our hypotheses on transitivity, 1d and
1e. Transitivity scores ranged from 0.0006 to 0.91, with a mean score of 0.13(SD =
0.16). We found a significant negative effect of Openness to Experience on transitiv-
ity, B = −0.011(0.003), t(9458) = −4.19, p < .00001, as well as for Extraversion,
B = −0.019(0.002), t(9458) = −9.72, p < .0001. This is in line with Hypothesis 1d.
However, we also predicted that network size would mediate the effect of Extraver-
sion on transitivity, see hypothesis 1e. This was not the case in our sample, however.
Extraversion remained a significant predictor of transitivity, even when controlling for
network size, with B = −.008(.002), t(9457) = −4.27, p < .0001.
We further expected gender to mediate the effect of Openness on transitivity (Hypo-
thesis 1e). We once again opt for a Welch’s t-test for its robustness. Missing data for
gender accounted for the variations in sample size. Transitivity indeed varied between
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both genders, with t(6505) = 12.53, p < .0001. Men (M = .14,SD = .17), on aver-
age, had networks with higher transitivity than women (M = .13, SD = .15). When
separated by gender, Openness had a significant negative effect on transitivity for males
(B = −.023(.005), t(5375) = −5.07, p < .0001), but not for females (p = .06). This
confirms previous findings that observed a significant relationship between low trans-
itivity and Openness for males only [99] (Hypothesis 1e).
3.3.5 Personality Homophily
In this section, we present the results regarding personality homophily among this
sample of Facebook users. In this section, we investigate Hypothesis 2a on the rela-
tionship between personality similarity and connectedness in pairs of Facebook users
in Section 3.3.5. In Section 3.3.5 on the relationship between personality similarity
and strength of connection, we investigate Hypothesis 2b. And finally, in Section 3.3.7
on the difference in personality similarity between open and closed triads of Facebook
users, we consider Hypothesis 2c.
Personality similarity in connected and non-connected pairs
We hypothesized that people with similar personalities are more likely to be connec-
ted than people who have different personalities (Hypothesis 2a). Pairs of users were
separated according to their personality composition (mixed or same) and their connec-
tedness status (connected or non-connected), see Section 3.2.4. Chi-square was then
used to test whether proportions of connected similar users are higher than expected,
and whether consequently the proportions of mixed user pairs are lower than expected,
and vice versa for non-connected pairs. Each chi-square test is carried out on a 2x2
contingency table for each personality facet, with connectedness as rows (connected or
non-connected) and type of pair as columns (mixed or same). An example of such a
contingency table for Extraversion is shown in Table 3.8. Expected values were gener-
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ated by the following formula, where the row represents the pair and the column their
observed frequency: row_total∗column_total
table_total .
This is to ensure that expected values follow the same distribution as observed val-
ues. To illustrate this relationship between observed and expected values, we use the
example of the Extraversion contingency table (Table 3.8). The sum of each row and
column are in bold, while the table total (sum of all cells in the table) is in bolded
italics.
Table 3.8: Observed frequencies for the Extraversion facet for connected and non-
connected same and mixed pairs.
same mixed total row
connected 16266 13472 29734
not connected 56944 52091 109035
total column 73210 65563 138773
To calculate, the expected value for the mixed connected group, we plug in the values
from the table into the equation: 29738∗65563
138773
≈ 14049.65. This is rounded to 14050
in Table 3.9. This process is repeated for all cells in the contingency table for each
personality facet, with the summary of all expected and observed values presented in
this table.
We expected homophily effects to be especially prevalent for certain facets, such as
Openness, Agreeableness, Extraversion, or Conscientiousness, but not necessarily for
Neuroticism, which tends to make building relationships with others more difficult. It
could be argued that neurotic users bond over the fact that they have trouble making
friends in usual social settings (Hypothesis 2a). However, a homophily effect for all
five personality facets was found, see Table 3.9. For all facets, connected same pairs
were more prevalent than expected, while the frequency of mixed pairs was lower
than expected. This effect was reversed for non-connected pairs, further supporting
Hypothesis 2a.
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Table 3.9: Observed and expected frequencies of similar and mixed pairs for con-
nected and non-connected users, separated by personality facet.
Openness to experience
connectedness pair type observed expected χ p− value
connected
mixed 10714 11333
80.070 < .0001
same 13707 13088
not connected
mixed 42817 42198
same 48112 48731
Conscientiousness
connectedness pair type observed expected χ p-value
connected
mixed 10834 11288
42.069 < .0001
same 14392 13938
not connected
mixed 41447 40993
same 50167 50621
Extraversion
connectedness pair type observed expected χ p-value
connected
mixed 13472 14050
57.298 < .0001
same 16266 15688
not connected
mixed 52091 51513
same 56944 57522
Agreeableness
connectedness pair type observed expected χ p-value
connected
mixed 12686 13080
29.547 < .0001
same 14087 13693
not connected
mixed 48124 47730
same 49574 49968
Neuroticism
connectedness pair type observed expected χ p-value
connected
mixed 13066 13635
58.026 < .0001
same 15300 14732
not connected
mixed 50803 50235
same 53708 54277
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Personality homophily and strength of connection
Finally, we consider the influence of personality homophily on the strength of their
connection, as considered in Hypothesis 2b. Personality similarity was calculated for
triads in the triad dataset (N = 313, 699), using Equation 3.3. Triads for which either
facet score was missing were not included in the final analysis. We refer to this score
as the difference score, since a higher value corresponds to a bigger difference between
the three nodes in terms of personality.
We base our strength of connectedness measure on the edges in network graph G, cre-
ated using the triad data from the MyPersonality project [87], see Section 3.2. Strength
of connectedness ranged from 0.0 to 0.45, with a mean of 0.06 (SD = 0.077) and an
N = 1, 048, 575. Table 3.10 details the results of the effect of personality homophily
on strength of connectedness.
Table 3.10: Effects of personality similarity on connectedness.
personality facet β t p− value
Openness to experience −0.005 −2.37 .018
Conscientiousness −.011 −11.34 < .0001
Agreeableness −.008 −9.47 < .0001
Extraversion −.010 −10.23 < .0001
Neuroticism 0.006 2.70 .007
Connectedness decreased as difference scores on Agreeableness, Conscientiousness
and Extraversion scores increased. This means that, as expected, personality similarity
was higher among better connected nodes for Agreeableness and Extraversion (Hypo-
thesis 2b). We also expected this effect for Openness, but this could not be confirmed in
our sample. On the other hand, we found an unexpected effect for Conscientiousness.
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3.3.6 Interaction with gender
Since we found a significant effect of gender for most personality facets, (Section
3.3.2), we also consider whether gender would moderate the effect of personality
similarity on connectedness (Hypothesis 2e). We first checked whether there were
gender differences in regard to connectedness. Since connectedness scores are com-
puted pair-wise, we separated our data according to the pairs’ gender composition.
Pairs were male-male (N = 200, 974), female-female (N = 346, 762), or mixed
(N = 466, 697). There was a significant difference in connectedness scores between
the different pairs, t(1, 520565) = 476.59, p < .0001. Connectedness was strongest
among male-male pairs (M = 0.062, SD = 0.078), followed by female-female pairs
(M = 0.057, SD = 0.076), and finally mixed pairs (M = 0.056, SD = 0.076). Since
there was no gender difference for Extraversion, we only considered whether there was
a difference in the observed negative effect of personality variances in Agreeableness
and Conscientiousness on connectedness (Hypothesis 2e). The results can be found in
Table 3.11.
Table 3.11: Effects of personality similarity on connectedness by gender pairs.
gender pairs β t p− value
Conscientiousness
male-male −0.014 −6.37 < .0001
female-female −0.011 −6.76 < .0001
male-female −0.013 −8.83 < .0001
Agreeableness
male-male −0.019 −8.50 < .0001
female-female −0.002 −1.22 .221
male-female −0.014 −9.85 < .0001
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Of interest is the observation that for Agreeableness, personality similarity only had a
significant effect for male-male and mixed pairs on connectedness, but not for female-
female pairs (Table 3.11) with male-male pairs having the stronger negative effect (β =
−0.019) compared to mixed pairs (β = −0.014). For Conscientiousness, although
the strength of the effect varied slightly between pairs, all of them had a negative
effect on connectedness (Table 3.11). In accordance with Hypothesis 2e, gender had
a moderating effect on the relationship between personality similarity and strength of
connectedness for Agreeableness.
3.3.7 Triangle closure
We further hypothesized that personality homophily would be stronger among closed
triangles, compared to open triangles (Hypothesis 2c), see Definition 4. Personality
similarity was measured between all three nodes in each of the triads. We expect a
positive effect of similarity for Openness, Extraversion, and Agreeableness, see hypo-
thesis 2b. We carried out Welch’s t-test to uncover any significant differences between
open and closed triangles for those facets.
We found a significant effect for Extraversion and Agreeableness, but not for Openness
(Table 3.12). Additionally, we also found an effect for Conscientiousness. For all
three significant facets, the personality variances were higher among open triangles, as
opposed to closed ones (Table 3.12).
As expected from Hypothesis 2c, personality similarity was higher among closed tri-
angles than among open triangles for Openness, Extraversion, and Agreeableness, as
well as for Conscientiousness.
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Table 3.12: Differences in personality similarity for closed and open triangles.
personality facet t p− value M M
Openness 36.41 < .0001 0.34(0.36) 0.33(0.35)
Conscientiousness 76.15 < .0001 0.39(0.39) 0.38(0.38)
Extraversion 108.41 < .0001 0.44(0.45) 0.42(0.44)
Agreeableness 79.17 < .0001 0.38(0.39) 0.37(0.38)
Neuroticism 0.88 .35 0.44(0.41) 0.44(0.41)
3.3.8 Summary of results
1. Network characteristics and demographics
(a) Personality scores differ between genders and across age.
Weak support. Conscientiousness was positively related to age, while agree-
ableness was negatively related to age. There was no significant effect for
the other facets regarding age. Gender effects were found for all facets, ex-
cept for Exraversion, but actual differences in mean personality scores were
extremely low. Men appeared to be slightly more open than women; while
women were slightly more conscientious and neurotic than men. Overall,
age and gender effects were not significant or very weak in relation with
personality.
(b) Extraversion is positively related to network size, and Neuroticism is
negatively related to network size.
Strong support. Extraversion was positively related to network size, while
Neuroticism was negatively related to it.
(c) Openness to Experience and Extraversion are negatively related to
transitivity.
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Strong support. Openness to experience and Extraversion were both negat-
ively related to transitivity.
(d) Effects of Openness to Experience on transitivity are moderated by
gender, while effects of Extraversion on transitivity are mediated by
network size.
Mixed support. Network size did not mediate the effect of Extraversion
on transitivity. On the other hand, the effect of openness to experience on
transitivity was only significant for men.
2. Personality Homophily
(a) Nodes who are connected are more likely to be similar to each other
than nodes who are not.
Strong support. We found that among connected pairs, same pairs were
more prevalent than expected, while mixed pairs were less prevalent. This
relationship was reversed among non-connected pairs, were mixed pairs
were more prevalent and same pairs less prevalent than expected.
(b) Similarity in Openness to Experience, Agreeableness, and Extraver-
sion is positively related to strength of connection.
Mixed support. Similarity in openness to experience and Extraversion
scores were indeed positively related to strength of connection among Face-
book users. No effect for agreeableness was found however.
(c) Personality similarity is higher in closed triangles than in open tri-
angles for Openness, Extraversion and Agreeableness.
Strong support. Similarity in Openness to experience, Extraversion, and
Agreeableness was higher for closed triads compared to open triads.
(d) Personality similarity differs for closed and open triangles, and varies
with strength of connectedness for Conscientiousness.
Strong support. Similarity in Conscientiousness was associated with a
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stronger connection among users. Closed triangles were also more sim-
ilar in Conscientiousness than open triangles.
(e) Gender moderates the effect of personality similarity on connected-
ness.
Mixed support. An interaction with gender was only found for Conscien-
tiousness and Agreeableness. the effect between similarity and strength
of connection was strongest among male pairs for conscientiousness and
agreeableness, and weakest for female pairs.
3.4 Discussion
The results provide evidence that online network characteristics and personality are
intrinsically linked. The personality facets that emerge as related to the shape of our
social networks are Extraversion, Neuroticism, Openness to Experience and to a certain
extent, Conscientiousness and Agreeableness.
3.4.1 Replication and the moderating role of gender
As expected, network size was positively related to Extraversion, and negatively re-
lated to Neuroticism. Extraversion and Openness to Experience were both negatively
related to transitivity. We also replicated a gender-dependent effect for Openness to
Experience on transitivity [99]: Openness had a significant negative effect on trans-
itivity for males, but not for females. This confirms that Extraversion and Openness
are related to networks low in transitivity, in which extraverted and open nodes act as
bridges between loosely connected alters. In conjunction with the effects found for
network size, this translates to large, loosely connected networks for extraverts.
Of further interest is the moderating role of gender on the relationship between per-
sonality similarity and connectedness. In general, connectedness was strongest for
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male-only pairs, followed by female-only, and then mixed pairs. For Agreeableness,
the effect of personality similarity on connectedness was strongest among male-only
pairs, but did not have an effect for female-only pairs. On the other hand, personality
similarity continued to have the same positive effect for Conscientiousness, regardless
of gender.
3.4.2 Personality homophily results
Furthermore, we studied connectedness in two different ways: first through strength of
connection between two nodes, and secondly, through triangle closure. More strongly
connected nodes had higher similarity on the Extraversion facet. This effect could
also be confirmed for Agreeableness and Conscientiousness, but not for Openness to
Experience. Openness to Experience might not have been found to be homophilous,
because open individuals, by virtue of their personality, are open to form connections
with both similar and dissimilar others. This is highlighted by their transitive networks,
which demonstrate a diverse and loosely connected network.
Finally, we also identified that similarity in Openness, Extraversion, Agreeableness,
and Conscientiousness was higher in closed triangles compared to open ones. This
suggests that personality homophily indeed plays a role in structuring connections in
ego-centric networks for certain facets, but not for others. It must be noted, however,
that effects in regard to triangle closure and personality homophily were small, with
only a few .01 differences between closed and open triangles on the personality vari-
ance scores. The large MyPersonality dataset of over 300, 000 nodes allowed us to
tease out an effect that smaller samples would very likely have missed. Future research
will have to determine whether this personality homophily effect is worth investigating
further.
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3.4.3 Limitations
An alternative explanation for the observed personality homophily effects might be that
some personalities are simply more attractive than others: people enjoy the company
of friendly and sociable friends. This is especially true for agreeable users, who are
the most popular recipients of offline friend requests [138] and online interactions on
communication boards [12]. Extraverts on the other hand, are more likely to initiate
friendships [138] and reach out to people online [12].
However, we also found personality homophily effects for Conscientiousness, which
cannot be explained through the attractive personality explanation. Conscientiousness
is usually overlooked as an influential factor in online and offline social networks. Fu-
ture research in online social networks should nonetheless explore the attractive per-
sonality hypothesis, potentially uncovering the most popular personality combinations
among online and offline friendship pairs. These results provide further evidence that
observed social network features are potentially linked to embedded human character-
istics.
Whether personality drives social network structure or vice versa remains unclear,
however. A potential explanation could be that personality, being an inherent char-
acteristic, plays a role in determining one’s initial network position, which, in turn,
is responsible for reinforcing specific personality traits. For example, neurotic people
might be in broker positions because of their personality, or become more neurotic
because broker positions are stressful [83]. The fact that most facets vary with age
supports the idea that personality is malleable [142], but it must also be noted that
personality varies only slightly over people’s lifespan.
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3.5 Conclusion
In conclusion, personality and social network position could be reinforcing each other,
and further research needs to explore the possible causal links between social network
position and personality. The most important findings are highlighted.
We have replicated some fundamental relationships between Extraversion, Neuroticism
and network size, as well as between Extraversion, Openness and transitivity. Gender
also played a role: the negative relationship between Openness and transitivity was
only significant for males, and the positive relationship between connectedness and
Agreeableness was not significant for female-only pairs. Using two different meth-
odologies, triangle closure and strength of connectedness, we have shown that the five
personality facets are homophilous to different degrees, and that one facet in particular,
Neuroticism, did not appear to be homophilous among Facebook users.
Furthermore, we have uncovered valuable new insights in personality homophily in
online social networks. Conscientiousness, Extraversion, and Agreeableness emerge
as homophilous facets, both in relation to strength of connection and triangle clos-
ure, as predicted. Similarity in Openness to Experience did not appear to be signi-
ficantly related to strength of connection, but closed triangles of users were more
similar in terms of Openness to Experience than open triangles. No homophily ef-
fects were found for Neuroticism, which is in line with our expectations. Of interest
as well is that users similar in low Neuroticism are also not likely to be connected.
Now that we have established that Facebook users have a tendency to assort based on
certain personality facets, we are ready to tackle the question of distance. Distance is
a crucial factor in the formation and maintenance of social ties.The next chapter will
focus on the interaction between personality and distance on connectedness between
people on social media.
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Chapter 4
Geographic distance and personality
homophily in online social networks
Parts of this chapter have been published as a paper in the peer-reviewed journal Cy-
berpsychology, Behavior, and Social Networking: N. Noë, R.M. Whitaker, and S.M.
Allen. Personality Homophily and Geographic Distance in Facebook. Cyberpsycho-
logy, Behavior, and Social Networking, to appear, 2018
4.1 Introduction
In this chapter, we explore the interaction between personality similarity and geo-
graphic distance on online social connections with the aim of answering the following
research question: How does personality homophily and geographic distance affect the
formation of links in an online social network?
We consider the relationships between personality homophily on one of the biggest
constraints to human social networks: geographic distance. Our approach is to aug-
ment the dataset used in chapter 3 with geographic location data. This allows us to
investigate the difference in geographic distance between homophilous pairs, in which
both users scored similarly on a particular personality facet, and mixed pairs. We also
consider the differences between connected and non-connected pairs of participants
from the online social network. While taking into account the geographic distance
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between two members of each pair of online users, we also consider if they live in
the same country or not, as these might pose additional constraints related to borders,
rather than just distance.
In order to answer the research question posed at the beginning, the chapter has been
broken down into the following parts:
1. In Section 4.1, we explore the state of the current literature on the effect of geo-
graphic distance on social tie formation and maintenance. We summarise the
current findings at different levels of granularity for geographic distance, and
any expectations for personality effects relating to geographic distance.
2. In section 4.1.6, we summarise the hypotheses for this chapter. We have different
hypotheses for each of the five personality facets.
3. In section 4.2, we elaborate on the characteristics of our dataset, which is a sim-
ilar subset of the MyPersonality data as in chapter 3, but with additional geo-
graphic information.
4. Planned analyses are outlined in section 4.2.2. Welch’s t-test were mainly used
to investigate the hypotheses outlined in section 4.1.6.
5. In section 4.3, we present the results pertaining to each of our hypotheses defined
in section 5.2.7. We go through each of the five facets and elaborate on how
personality similarity affects geographic distance between pairs of users, also
taking into account effects of the country.
6. In section 4.4, we assess the support found for each hypothesis, alternative ex-
planations for the findings, and any limitations pertaining to this chapter.
7. Finally, in section 4.5, we summarise the main findings of the chapter.
The findings highlight that each personality facet has an distinct relationship with geo-
graphic distance which depends on the qualities of each of them. However, the ap-
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proach in this chapter does not allow us to disentangle what exactly about each facet
make them closer or further apart from similar others.
4.1.1 Geographic distance in online social networks
Sociologists have been considering the differences between local and virtual interac-
tions and what they mean for social relationships. It is important to note that the Inter-
net has not replaced existing forms of communication, and mostly serves to reinforce
pre-existing relationships between people [158]. In this chapter, we focus on the online
interactions at the individual level, with pairs of connected users being the focus of our
analysis. This approach is meant to supplement the vast body of research already done
at the community level on this subject [158].
People have traditionally been socially and geographically constrained in their choice
of friendships, frequently establishing new ties through mutual acquaintances or shared
activities [89]. The probability of two people becoming friends is well-known to de-
crease with geographic distance [97, 91, 11, 14, 40].
Proximity is an important constraint in social relationships [133]; it is therefore of
interest to look at the spatial component of social networks in our study, which have
become more relevant to the wider population through location-based social networks
[62, 35, 140]. Proximity, both social and geographic, is essential for the formation
of strong friendship bonds [90]. In turn, friendships influence the social venues we
frequent [163].
Through the “global village" metaphor, the Internet is widely seen as transcending
these geographical barriers, by providing online representations such as social net-
works that connect people despite distance [7]. In the absence of relevant non-verbal
cues, which humans normally use to decide if they like one another, Internet users
might be prone to filling in the blanks left by people’s social media profiles with their
own attributions [7]. As a result, they idealize their online interaction partners and per-
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ceive them as more similar to themselves than they really are. Interestingly, this effect
is also true for offline networks to some extent: third to fifth graders perceived their
friends to be more similar in terms of personality than they actually were [101].
Online social networks have also been argued to contribute to feelings of closeness
between people through the mere exposure effect. We feel close to far-away others,
because we see and read about them everyday on social media [7], something that was
not possible before the advent of the Internet. Facebook users have been found to mit-
igate relationship decay with their more distant ties, by adapting their social network
activity to reach these far away connections [153]. Whether this form of tie mainten-
ance is actually effective to prevent decay is not yet well understood. Interestingly,
Facebook users who engaged their distant ties via their social media accounts in such
a fashion think that it indeed has a positive effect on their relationships [153].
4.1.2 Spatial and social networks
We refer to spatial networks as any network whose nodes are connected based on a
geographic or spatial unit. The spatial self has emerged as a new form of identity
in online social networks, most of which have location-sharing functionalities [136].
Dedicated LBSN, such as Foursquare or Gowalla are spatial networks with a social
component, in which people share their location with friends [136]. Purely spatial
networks are interesting in that they tend to be neither assortative, nor disassortative.
This makes them stand apart from social networks, that tend to be assortative, and
technological networks, which tend to be disassortative [14]. In LBSN, which have a
social component, strong local clustering is observed instead [163]. Spatial constraints
modify the graph characteristics of social networks, for example, spatial constraints
restrict the appearance of large degrees [14]. Spatial constraints also lead to large
betweenness centrality fluctuations. Hubs are usually central, but get even closer to the
centre of gravity of all points in a spatial network [14].
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It seems that the relationship between distance and tie formation might differ depend-
ing on the resolution of the distance data. Indeed, [11] demonstrated that the relation-
ship between distance and connection probability was stronger for medium to large
distance, but much weaker at short distances (below 50 miles approximately). Inter-
estingly, frequency of mobile and online communication decrease with distance [93],
but the duration of phone calls appear to increase and then level out after 60km [91].
More generally, it is proposed [91] that communication networks appear to have two
main levels: short-distance communication has high clustering, but is of short duration,
while long distance communication has smaller clustering, but tend to last longer.
So, while there is a general trend of friendships decreasing with distance, this rela-
tionship does not appear to be linear. Liben-Nowell and colleagues [97] noticed that
the probability of friendships indeed decreases with distance, but becomes equal at
distances over 1000 km. Liben-Nowell and colleagues ran a geo-routing simulation
of the message-forwarding experiment [149] in a LiveJournal network. LiveJournal
is an online content creation board on which people can follow each other’s updates.
The original message-forwarding experiment served to illustrate the small-world effect
[113], by demonstrating that a source person can pass on a message to a target person
through as little as 6 intermediate friends. The geo-routing experiment aims to connect
two cities rather than two people, through the location of LiveJournal users. The sim-
ulation reached the target city in 4 steps in 13% of the cases, which is an improvement
on the performance of real human subjects [97]. While both studies probably suffered
from heavily skewed participant selection (source and targets were participants and
cities in the US), it nonetheless serves to illustrate that even on the Internet, our choice
of friendships appear to be geographically constrained.
A related observation was made in a mobile communication network: the likelihood
of communication decreases with distance but becomes constant after 40 km. It seems
that beyond a certain threshold, distance, in fact, does not matter. This could be because
people might still be willing to travel to see others who are at a reasonable distance
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from themselves, which increases the quality of the relationship. Distance appears to
matter less when people are close enough to easily be able to travel to see each other
face-to-face, or engage in activities together [7]. At the same time, it is interesting to
note that the online network had a higher threshold (1000 km) than the mobile network
(40 km). Mobile networks are likely restricted to in-country communication, as, until
recently, calling outside of national borders tends to be much more expensive. The
difference could also be attributed to the country of study: the LiveJournal network
was primarily based in the US which is a much larger country than Belgium, in which
the mobile network experiment took place. Regardless of threshold differences, it is
important to note that distance matters at relatively smaller distances between people,
but this effect tends to stagnate at higher distances.
4.1.3 Geographic distance and personality
Personality has been studied in spatial contexts at different levels of granularity [3,
62, 79, 126]; insights from the literature are outlined below going from countries, to
regions, cities, and finally venues, the smallest unit at which individuals can be co-
located.
Personality and countries
Personality has been shown to differ between countries [3]. In a major study involving
36 countries, Allik and colleagues uncovered interesting differences in personality dis-
tributions across the globe. Similarities in personality are often associated with geo-
graphic proximity, such as Germany and Austria, or Canada and the USA; shared
ancestry, such as Black South Africa and Zimbabwe; or cultural traditions, such as
Hong Kong and Taiwan. The cluster analysis shows that geographic proximity and
cultural similarity hold true at higher levels as well. For example Germany, Austria,
and German-speaking Swiss are clustered together, while South Koreans join the Hong
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Kong and Taiwan group. Ultimately, European and American cultures merge into one
cluster, while African and Asian cultures merge into another. Some exceptions occur,
such as Turkey being linked to the United States and Canada, while Japan and China
are clustered with European and Latin American cultures [3]. People from American
and European cultures tend to be high in Openness to experience and Extraversion,
and low in Agreeableness. They are outgoing, adventurous, and antagonistic People
from Asian and African cultures on the other hand tend to be more introverted, tra-
ditional, and compliant. Euro-American cultures tend to reject status hierarchies and
score higher in individualism. Neuroticism and Conscientiousness do not appear to
have clear geographic distributions. Countries high in neuroticism and low in conscien-
tiousness include Japan, Spain, Russia, and Belgium for example [3]. It is important
to consider that language and culture might have an influence on question interpreta-
tion, understanding, and the perception of personality compared to others, as the study
relied on self-report.
Personality and regions
Regions in the UK can be distinguished based on their differences in personality. For
example, Scotland is high in Agreeableness, while Wales scores high on Neuroticism
[126]. Several factors could contribute to these regional differences. People with cer-
tain personality traits could be attracted to similar types of locations, and therefore end
up clustering in the same region. For example, people high in Openness might seek out
regions that stimulate their creative and adventurous side, while extraverts will seek out
regions with lively cities that allow them to fulfil their social needs. On the other hand,
social, economical, or ecological factors characteristic of the region might influence
the expression of personality. For example, people might become more anxious and
irritable if they are surrounded by neighbours who exhibit similar traits when moving
to a region high in Neuroticism [126]. Even ecological factors such as infectious dis-
eases might play a role: Openness to experience and Extraversion are typically low in
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regions where infectious diseases are prevalent. People low in Extraversion and Open-
ness to experience limit their social contact, which prevents the spread of illnesses
[134]. These explanations might all exist in conjunction and contribute to the observed
regional differences to different extents, or even reinforcing one another. As more
people with certain traits move to a region that seems to match their personality; the
city will become more and more appealing to others with the same trait. At the same
time, people already living in the region might exhibit more open or extraverted traits
as the people and activities around the change to accommodate the evolving tastes of
the region.
Personality and cities
At the city level, differences in neighbourhoods could be observed, with some scor-
ing on average higher on Openness to experience and others higher in Agreeableness
[79]. The different personality facets were associated with different neighbourhood
characteristics. Openness to experience was associated with higher population dens-
ity, higher housing prices, higher ethnic and religious diversity, and higher crime rate.
This fits well with the characteristics of open individuals who value creativity, diversity,
and adventure. Low agreeableness was also associated with high density, high crime
rates, and high housing prices. Jokela and colleagues suggest that the low Agreeable-
ness scores might be a result of urban alienation [79]. The study also investigated
life satisfaction across several neighbourhoods in London, but found interesting per-
sonality confounds. Life satisfaction in general has a strong positive relationship with
Extraversion and Emotional stability, and is not moderated or mediated in any way
by neighbourhood characteristics. However, it appeared that open individuals were
happiest when living in neighbourhoods that exhibited characteristics associated with
openness: heterogeneous population and high density. Open individuals were happi-
est in neighbourhoods with others who scored high on Openness to experience. This
relationship was only found for Openness to experience, and not for any other facets
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[79].
Personality and venues
At the finest level of granularity lie the venues that individuals visit, where the per-
ceived personality of patrons could be used to infer the ambiance of a venue [62]. Pre-
vious work has also shown that personality facets, such as Conscientiousness, Open-
ness, and Neuroticism, are related to Foursquare usage [25, 26].
Conscientiousness was positively associated with the number of venues visited. This
might be explained by the fact that conscientious people visit a larger number of venues
compared to others, or that they are more consistent in their check-in patterns.
Neuroticism was negatively associated with the numbers of venues visited. This might
be explained by the fact that neurotic users curate their check-ins more as they might
be more concerned about what others think of their mobility patterns. On the other
hand, neurotic users might on average have less activities because of their smaller
social networks, and therefore less opportunities to visit venues and check-in at them.
Finally, neurotic users might in general be less inclined to leave their house, further
contributing to the lack of venues to check-in to.
Conclusion
The Internet and online social media provide an alternative platform for individuals to
find common ground through shared interests, or similar attitudes and beliefs. Despite
the opportunity that the Internet provides to create relationships without meeting, the
importance of physical proximity in tie formation is also present in online social net-
works [133]. It is therefore important to consider the influence these spatial influences
can have on the formation, shape, and evolution of social networks.
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4.1.4 Motivation for Hypotheses
We hypothesize that people with certain personality traits are more affected by distance
than others, although there is a lack of studies in the literature tackling the effect of per-
sonality similarity on distance between people who are connected online. Expectations
for each individual facet and the motivation for its associated hypothesis are outlined
in the sections below.
4.1.5 Distance and connectedness
We first make the general prediction than connected users are, on average, in closer
geographic proximity than non-connected users, see Hypothesis 1, as friendships are
more likely to blossom as distance decreases, even in online settings [7, 133, 46].
Openness to Experience
Open people might be more likely to be connected to people further away, as they are
more likely to initiate contacts with a range of different people. Additionally, open
individuals are more likely to move from their home state to another state in the US
[78]. The willingness to travel ties in with their adventurous nature. We are predicting
to observe the highest distance between two open people who are connected, espe-
cially compared to two conservative people. Both open individuals are likely to travel
more and might end up in very different locations, while still staying in touch with the
ties they made with others during their travels, especially if they are like-minded open
people. In contrast, we would expect more conservative people to be located geograph-
ically closer to each other, as they tend to stay in an environment they are familiar with
and are much less likely to want to experience different cities or countries (Hypothesis
2).
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Conscientiousness
Conscientious people are organized and mindful of others [58], which might make it
more likely for them to stay in contact, even if they are further away and face-to-face
contact is not possible. We therefore expect the connection between fellow conscien-
tious people to prevail even at longer distances, compared to pairs of friends who are
low in Conscientiousness (Hypothesis 3). People scoring low in conscientiousness are
disorganised and might lose contact with other who have moved away as they do not
keep up regularly with their friends. Regular communication is crucial to maintain re-
lationships at a distance, as face-to-face contact is not possible. Family ties are more
resilient to such negligence, but friendships tend to decay if they are not maintained.
However, Conscientiousness was not associated with between or within state migra-
tion, so conscientious people might not necessarily live further away from their friends
compared to non-conscientious people. However, we might see that non-conscientious
people lose Facebook connections at longer distances compared to conscientious users,
which will be reflected in their average distance to friends.
Extraversion
We hypothesize that distance matters for Extraversion: people who are extraverts rely
on physical, rather than online, activities to form friendships and maintain their social
bonds [130]. Such activities require relative geographic proximity and therefore there
is a basis for distance among extraverts to be lower compared to introverts (Hypothesis
4). Especially among pairs of extraverts, we expect distance to be much closer com-
pared to pairs of introverts. Interestingly, Extraversion was associated with increased
migration, but within US states and not between them [78]. This might be related to
the fact that extraverts like to move but still remain close to their social contacts, and
be able to easily travel back home.
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Agreeableness
Agreeable people are popular friendship and communication partners, whether offline
or online [12, 138] People might be motivated to stay in contact with others who are
friendly. People who are high in Agreeableness might also be more likely to maintain
contact with others. We therefore expect agreeable people to be connected, despite
the distance (Hypothesis 5), especially if both members of the pair score high on this
facet. On the other hand, people who scored high on Agreeableness were more likely
to remain in their home state than to migrate [78]. They tend to be community-oriented
and might prefer to build up a strong social network in their home state, rather than to
branch out. Despite this effect, we still predict that agreeable people are connected at
greater distances, because of their popularity as friendship partners.
Neuroticism
It is harder to make predictions for Neuroticism. Previous research suggests that neur-
otic people tend to have smaller groups of friends, and might use online interactions
to substitute offline ones [73]. This might indicate that distances between mutually
neurotic people could be larger than between emotionally stable pairs, as they might
find more connections online. On the other hand, neurotic people might also need
emotional support that is readily available, making functional long distance relation-
ships less likely (Hypothesis 6). Neuroticism was not associated with migration, which
might indicate that Neurotic people are not likely to move far away from their initial
contacts [78]. Emotionally stable individuals might also be able to hand long distance
relationships better, so we expect neurotic users to be connected at smaller distances
compared to emotionally stable ones.
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4.1.6 Summary of Hypotheses
1. Users who are Facebook friends are in closer geographic proximity than users
who are not connected.
2. Mutually open pairs tend to be further apart, while mutually not-open pairs tend
to live in close proximity to one another, compared to mixed pairs.
3. Mutually conscientious pairs maintain friendships at greater distances, compared
to mixed and mutually unconscientious pairs.
4. Mutually extraverted pairs tend to be in closer proximity to one another, com-
pared to mutually introverted pairs and mixed pairs.
5. Mutually agreeable pairs are connected at greater distances, compared to dis-
agreeable or mixed pairs.
6. Mutually neurotic pairs tend to maintain friendships at shorter distances, com-
pared to emotionally stable or mixed pairs.
4.2 Methods
From the MyPersonality triads dataset [87], we use a subset of variables, which con-
tains personality, geographic, and demographic information of 300,669 Facebook users
(Table 4.1).
4.2.1 Characteristics of the MyPersonality dataset
As explained in chapter 3 Section 3.2.2, the MyPersonality data is derived from Face-
book users who answered a Personality questionnaire and provided access to their
Facebook information and location. We use the same triad dataset discussed in chapter
3, which contains personality and demographic information of 300, 669 Facebook users
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Table 4.1: Description of variables used in this chapter
variable refers to type unit
personality tercile score user categorical low
middle
high
personality similarity score pair of users categorical same low
same high
mixed
connectedness pair of users categorical connected
not connected
country pair of users categorical same
different
distance pair of users continuous kilometres
(Table 4.1). From this triad dataset, we derive pairs of connected users and their per-
sonality. Another dataset contained geographic distance between the members of each
triad, which was cross-referenced with the triad dataset to obtain the final sample of
217, 604 pairs, as some had missing geographic location. This information was collec-
ted with the explicit consent of the user, which they could refuse to give.
Geographic distance
This measure refers to the distance (in km) between two users in a pair, inferred from
their latitude and longitude at the moment of completing the MyPersonality question-
naire. Figure 4.1a shows all available geographic locations of Facebook users from the
entire MyPersonality repository, which comprises over 1.7M users. Figure 4.1 shows
the geographic distribution of Facebook users who have completed the personality
questionnaire. Facebook users in this subset are overwhelmingly American (99.94%)
compared to the general Facebook population presented in Figure 4.1a, where Amer-
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icans only make up about 55% of the users, followed by the United Kingdom (12.5%),
Canada (5%), and Australia (4%). The subset of users who completed the Personality
questionnaire come from 51 different countries with the United Kingdom, Germany,
Canada, and France ranking after the United States in terms of number of users. The
fact that the Personality questionnaire was presented in English and most Facebook
users are American could explain this bias in the dataset.
Personality tercile scores
The personality scores for all users were divided into terciles to obtain a categorical
personality variable, as described in Section 3.2.4 in chapter 3. The same cut-offs
were used as those presented in Table 3.3. For each facet, we consider low and high
scorers, allowing a focus on the facet’s extremes and clear-cut comparisons, such as
between extraverts and introverts, for example. For each pair of connected users on
Facebook, we categorize their relative scores into one of three categories. For same
low pairs of users, both users are low scorers; for mixed pairs of users, one user is a
low scorer, while the other is a high scorer; for same high pairs of users, both users are
high scorers.
Sample size
Distance and personality data was available for 289, 557 pairs of users from the MyPer-
sonality dataset. 71, 953 pairs of users had missing data for the distance measure,
bringing the total number of valid pairs to 217, 604. For Openness to experience, this
results in 86, 354 remaining pairs. For Conscientiousness, this results in 87, 514 re-
maining pairs; 105, 033 pairs remaining for Extraversion; 93, 607 for Agreeableness;
and 98, 823 pairs for Neuroticism. The varying numbers between the facets are a res-
ult of missing data for the personality scores. All sample sizes for the different facets
are within at least two standard deviations from the mean sample size, making them
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(a) Geographic location of Facebook users (each dot represents a general location of the users,
such as regions or countries
(b) Geographic location of Facebook users who have completed the personality questionnaire
(each dot represents a specific location, latitude and longitude coordinates recorded by the
phone of the user when completing the MyPersonality questionnaire)
Figure 4.1: Geographic spread of general Facebook users and Facebook users
who completed the personality questionnaire.
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comparable. Each pair of connected users on Facebook was assigned to one of three
categories.
4.2.2 Planned analyses
We first analysed the average distance to friends of Facebook users, depending on their
own personality tercile score, but independently of the personality of their friends.
This is to uncover any inherent tendencies of people of certain personality dispositions.
Same pairs were then compared to mixed pairs, with the expectation of finding a sig-
nificant difference in mean geographic distance, based on Hypotheses 2 to 6. Welch’s
t-test was used for all analyses. This is an alternative to the Student t-test, which is
robust against unequal sample sizes and unequal variances [131].
Welch’s t-test is used to evaluate the effect of personality pairs on geographic distance.
We compare same pairs to mixed pairs, with the expectation of finding a difference
in geographic distance, based on Hypotheses 2, 3, 4, 5, and 6, as outlined previously
(Section 4.1.6). We also compare same low scoring pairs and same high scoring pairs,
as distance might differ substantially between pairs of extraverts and pairs of intro-
verts, for example. Bootstrapping (1,000 samples) is applied using IBM SPSS Version
23, as geographic distance was right-skewed. This method uses case resampling with
replacement [74]. The results presented in this chapter include the bootstrapped para-
meter estimates, but with original N values for the sample size. All statistical analyses
are carried out using IBM SPSS 23 [74], while the data restructuring was carried out
in Python [152]
To consider connectedness, we separate our sample into connected and non-connected
pairs. We expect to find differences in distance among connected users, but not among
non-connected users. According to Hypothesis 1, we expect distance to be signi-
ficantly lower among connected users, compared to non-connected users, which we
evaluate using Welch’s t-test. Welch’s t-test was used because connected and non-
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connected pairs differ significantly in sample size. For our hypotheses concerning
personality and geographic distance, we evaluate each hypotheses among connected
and non-connected users. We expect to find effects of personality among connected
users, but not among non-connected ones.
We control for the effect of country in this relationship, as users who live in different
countries are more likely to have higher geographic distances between them, which
might somewhat skew the results. We also consider the fact that regional differences in
personality might exist [126], which could manifest itself at the country level. There-
fore, in addition to separating the sample according to connected and non-connected
users, we also separate it according to whether the pairs live in the same country or not.
We might find that for some facets, people who are similar in personality live closer
together, regardless if they are connected or not.
In light of the numerous tests conducted, we adopt a Bonferroni-corrected alpha-level
of .0014. The False Discovery Rate (FDR) was also checked with the Benjamini-
Hochberg procedure. Both methods help guard against Type I errors. The Bonferroni-
corrections modify the alpha level by dividing the usual alpha level (.05) by the number
of tests carried out (N = 35). The Benjamini-Hochberg procedure is also applied to the
p-values, as an alternative to the Bonferroni-corrections, using an online calculator
[124].
Additional standard statistical symbols used in this chapter are outlined below:
1. W stands for Welch’s t-test statistic
2. Cohen′sd is a measure of effect size
4.3 Results
We expected pairs of connected Facebook users to be closer in terms of geographical
distance than users who were not connected to each other (see Hypothesis 1). Indeed,
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users who are connected were in significant closer geographic proximity (M = 422km,
SD = 893), than users who were not friends on Facebook (M = 638km, SD =
1, 029), with t(1, 2161090) = 37254, p < .0001.
Using Welch’s t-test, we found significant differences between low scorers and high
scorers in terms of distance to friends for all facets (Table 4.2). W stands for the
Welch’s test statistic and Cohen’s d was used as a measure of effect size. Open people
had friends living further away on average, compared to not-open individuals. Con-
scientious people, on average, tended to live further apart from their friends compared
to unconscientious Facebook users. Agreeable users also tended to live further away
from their friends compared to disagreeable users. Extraverted users, on the other hand,
tended to live closer to their friends, compared to introverted users. Similarly, neurotic
users had friends closer to them, on average, as compared to emotionally stable Face-
book users. Analyses were also carried out comparing middle scorers to low or high
scorers. Middle scorers consistently scored in between low and high scorers in terms
of geographic distance to their friends. These findings were left out, as they did not
contribute any more insights than already presented in Table 4.3. Subsequent analyses
carried out in this chapter focus on low and high scorers for this reason as well.
4.3.1 Openness to Experience
For the Openness to Experience facet (Hypothesis 2), there was a significant effect for
connected pairs, who lived in the same country, t(2, 10411.74) = 11.254, p < .0001.
Results from the Welch’s t-tests are presented in Table 4.3.
Pairs of same low scorers in openness to experience (M = 417km, (SD = 876.3))
were significantly closer geographically to each other than people in mixed pairs (M =
484km, (SD = 958.8)). Homogeneous high scorers (M = 502km, (SD = 991.5))
were significantly further apart than same low pairs, but not compared to mixed pairs
(p = .027). This might be explained by the fact that conservative people do not tend to
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Table 4.2: Mean distance (in km) between users and their friends for each facet,
separated by high and low scorers.
Facet Score M SD N W p-value Cohen’s d
Open
Low 561.38 807.81 49185
305.04 <.0001 0.1
High 649.15 878.48 64392
Consc
Low 557.16 807.57 46480
390.03 <.0001 0.1
High 657.34 882.06 66508
Extra
Low 622.93 859.15 52702
18.55 <.0001 0.0
high 601.87 834.72 70378
Agree
Low 602.7 842.61 56005
14.33 <.0001 0.0
High 621.55 859.45 61628
Neuro
Low 607.97 838.56 57565
0.93 .33 N/A
High 603.31 847.27 64543
move around, and stay in close proximity to similar others, while open people tend to
travel further away, and therefore are spread out around the country.
There was a significant effect of personality on distance for people who lived in the
same country, even though they were not connected, t(2, 30858.23) = 55.509, p <
.0001. Homogeneous low scoring pairs (M = 608km, SD = 987.5) were significantly
closer together than mixed pairs (M = 665km, SD = 1055.8). In turn, mixed pairs
were significantly closer than same high scoring pairs (M = 730km, SD = 1116.9),
see Table 4.3.
Finally, there was a marginally significant effect for pairs of users who were con-
nected, but who did not live in the same country. Pairs of same high scorers (M =
53km, SD = 84.8) appeared to be geographically closer together than mixed pairs
(M = 520km, SD = 797.7). However, this result was not significant (t(1, 24.898) =
8.425, p = .008) when taking into account our Bonferroni-corrected alpha level.
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Table 4.3: Welch’s t-test results of the comparison between same low, same high,
and mixed pairs for Openness to experience, separated by country.
Openness to experience
country connectedness pair type df W p-value
same
connected
same low / mixed 12385 21.249 < .0001
same high / same low 11038 21.249 < .0001
not connected
same high / mixed 55454 47.938 < .0001
same low /mixed 42003 25.632 < .0001
same high / same low 35447 104.966 < .0001
4.3.2 Conscientiousness
For Conscientiousness (Hypothesis 3), there was a significant effect of personality
on distance among connected pairs, who lived in the same country, t(2, 8567.102) =
40.065, p < .0001. Results from the Welch’s t-tests are presented in Table 4.4.
Pairs of same low scorers (M = 399km, SD = 924.3) and mixed pairs (M =
440km, SD = 912.1) did not differ significantly in terms of geographic distance
(t(1, 5263.25) = 4.462, p = .035), when adopting a Bonferroni-corrected alpha-level
of .0014. However, with a FDR-corrected p-value of .048 using the Benjamini-Hochberg
procedure, this difference is statistically significant. Same high scoring pairs (M =
548km, SD = 1000.8) were significantly further apart than mixed pairs, with t(1, 17280.6) =
55.51, p < .0001. Homogeneous low and same high pairs also differed significantly,
as shown in Table 4.4.
For non-connected pairs in the same country, their relative conscientiousness scores
had a significant effect on the average geographic distance between them, t(2, 27051.61) =
116.546, p < .0001. Homogeneous high scoring pairs (M = 760km, SD = 1107.2)
tended to be geographically further apart than mixed pairs (M = 653km, SD =
1043.2). Homogeneous low scorers (M = 591km, SD = 1033.2), were in turn geo-
graphically closer than mixed pairs, see Table 4.4.
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For pairs of non-connected users in different countries, there was a significant effect
of Conscientiousness on distance, t(2, 127.729) = 7.329, p = .001. Pairs of same low
scorers lived significantly closer together (M=489km, (SD = 714.2) than pairs of same
high scorers (M=1453km, SD = 2026.1). There was no significant difference between
mixed pairs and same low or high pairs, with t(1, 123.134) = 4.111, p = 0.045 and
t(1, 121.187) = 5.012, p = .027 respectively.
It appears that country, rather than connectedness, has a stronger effect on the distance
between conscientious Facebook users.
Table 4.4: Welch’s t-test results of the comparison between same low, same high,
and mixed pairs for Conscientiousness, separated by country. *not significant
with Bonferroni-approach, but FDR-corrected p-value of .048 is significant.
Conscientiousness
country connectedness pair type N W p-value
same
connected
same high / mixed 17379 55.51 < .0001
same low/ mixed 11650 4.461 .035*
same high / same low 11805 56.328 < .0001
not connected
same high / mixed 57273 139.794 < .0001
same low /mixed 39192 26.451 < .0001
same high / same low 37202 183.309 < .0001
different not connected same low / same high 114 13.695 < .0001
4.3.3 Extraversion
For the Extraversion facet (Hypothesis 4), results were mostly in line with our predic-
tions. Results from the Welch’s t-tests are presented in Table 4.5.
Among connected pairs, same low scoring pairs lived the furthest apart (M = 545km,
SD = 998.6), compared to mixed pairs (M = 465km, SD = 927.4). Same high
scoring pairs lived closest together (M = 420km, SD = 897.6), compared to mixed
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pairs, and same low scoring pairs, t(2, 11488) = 24.879, p < .0001. This provides
further support for our hypothesis: extraverts like to physically meet up with others to
maintain their relationship, which might explain their closer proximity.
People from the same country who were not connected tended to have different av-
erage distances between them based on their personality scores (t(2, 35815.02) =
33.178, p < .0001). Indeed, pairs of same low scorers (M = 728km, SD = 1087.6)
tended to be geographically further apart, compared to mixed pairs (M = 687km,
SD = 1077.2). In turn, same high scoring pairs were geographically closer (M =
641km, SD = 1041.1) than mixed pairs. Extraverts might tend to choose cities or
neighbourhoods that are lively, which translates to a closer proximity to each other as
they choose similar regions to live in.
When comparing pairs of non-connected users, from different countries, Extraver-
sion did not have an effect on distance (t(2, 109.624) = 0.361, p = .70). There was
also no effect for pairs of users who were connected, but lived in different countries
(t(2, 28.27) = 0.093, p = .91). For extraverts specifically, we expected them to be
geographically closer together than mixed pairs or introverted pairs (see Hypothesis
4).
Table 4.5: Welch’s t-test results of the comparison between same low, same high,
and mixed pairs for Extraversion, separated by country.
Extraversion
country connectedness pair type N W p-value
same
connected
same low / mixed 15263 20.89 < .0001
same high / mixed 19723 11.987 .001
same high / same low 13210 49.151 < .0001
not connected
same high / mixed 67438 30.778 < .0001
same low /mixed 51542 14.042 < .0001
same high / same low 42348 59.189 < .0001
110
4.3.4 Agreeableness
We found no support for Hypothesis 5 in regards to country and geographic distance.
When looking at pairs of users, there was no significant effect of personality on dis-
tance for non-connected users, regardless of whether they lived in the same country
(t(2, 54.358) = 0.358, p = .701) or not (t(2, 36650.64) = 1.701, p = .183). Surpris-
ingly, also for people who were connected, there was no significant effect of personality
on distance, again whether they were in the same country (t(2, 11213.26) = 0.786, p =
.456) or not (t(2, 12.778) = 0.257, p = .777). It seems that the Agreeableness facet
does not play a role in the relationship between geographic distance and personality
homophily.
4.3.5 Neuroticism
As with Agreeableness, we found few significant effects of neuroticism on distance
for pairs of users (Hypothesis 6). Significant results for Neuroticism are presented in
Table 4.6.
For connected pairs, there was no significant effect, whether pairs of users lived in a dif-
ferent country (t(2, 23.668) = 0.606, p = .554) or in the same country (t(2, 11097.52) =
2.552, p = .078).
For non-connected users, there was no significant effect for people in different coun-
tries (t(2, 111.505)p = .0.021), but there was one for people within the same coun-
try, t(2, 37276.92) = 7.585, p = .001. Homogeneous pairs of low scoring users
(M = 704km, SD = 1073.9) lived further apart than mixed pairs (M = 672km,
SD = 1063), as shown in Table 4.6. Homogeneous high scoring pairs (M = 661km,
(SD = 1060.7)) did not differ significantly from mixed pairs in terms of geographic
distance (t(1, 53575.7) = 1.36, p = .244). However, they were significantly closer
together than low scoring pairs. It could be that, like extraverts, neurotic people are
attracted to specific places or regions, which explains this effect.
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Table 4.6: Welch’s t-test results of the comparison between same low, same high,
and mixed pairs for Neuroticism, separated by country.
Neuroticism
country connectedness pair type N W p-value
same not connected
same low /mixed 50901 9.665 .002
same high / same low 39246 14.703 < .0001
4.3.6 Summary of results
Table 4.7 gives an overview for the most important results in this chapter and their
effect sizes. This table only includes connected pairs and does not separate samples
based on country. As is often the case with personality, effect sizes are small for all
relationships summarised in Table 4.7. Implications for all findings and their effect
sizes are discussed in Section 4.4.
Table 4.7: Welch’s t-test results for Openness to Experience, Conscientiousness,
and Extraversion.
pair type N1/N2 W p-value Cohen’s d
Openness to Experience
Same low / mixed 3770 / 8641 14.34 <.0001 0.1
Same low / same high 3770 / 7282 21.20 <.0001 0.1
Conscientiousness
Same high / mixed 8789/3046 58.09 <.0001 0.1
Same high / same low 8789/8623 57.65 <.0001 0.2
Same low / mixed 8623/3046 4.461 .035 0.0
Extraversion
Same low / mixed 4380/10901 21.03 <.0001 0.0
Same high / mixed 8861/10901 11.83 .001 0.0
Same high / same low 8861/4380 49.13 <.0001 0.1
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1. Users who are Facebook friends are in closer geographic proximity than
users who are not connected.
Strong support. Facebook users who were connected were indeed significantly
closer to each other than Facebook users who were not connected.
2. Mutually open pairs tend to be further apart, while mutually not-open pairs
tend to live in close proximity to one another, compared to mixed pairs.
Mixed support. Open Facebook users tended to be further apart from their friends
compared to non-open individuals. Also mutually open pairs tended to be fur-
ther apart than mutually non-open pairs, but there were not significant differ-
ences in geographic distance between mutually open pairs and mixed pairs. On
the other hand, mutually non-open pairs were significantly closer together than
mixed pairs.
3. Mutually conscientious pairs maintain friendships at greater distances, com-
pared to mixed and mutually unconscientious pairs.
Strong support. Conscientious users were geographically further apart from their
friends than unconscientious users were. Mutually conscientious pairs were sig-
nificantly further apart than mixed pairs. Mutually unconscientious pairs, on the
other hand, were geographically closer together than mixed pairs.
4. Mutually extraverted pairs tend to be in closer proximity to one another,
compared to mutually introverted pairs and mixed pairs.
Strong support. Extraverted users were geographically closer to their friends,
compared to introverted users. Mutually extraverted pairs were significantly
closer together than mixed pairs. On the other hand, mutually introverted pairs
were geographically further apart than mixed pairs.
5. Mutually agreeable pairs are connected at greater distances, compared to
disagreeable or mixed pairs.
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No support. Agreeable users were geographically further apart from their friends
than disagreeable users. There were no significant differences in geographic
distance between mutually agreeable, mutually disagreeable and mixed pairs.
6. Mutually neurotic pairs tend to maintain friendships at shorter distances,
compared to emotionally stable or mixed pairs.
Weak support . Neurotic and emotionally stable users were not different in terms
of their geographic distance to their friends. A significant effect was only found
among non-connected pairs in the same country, where mutually neurotic pairs
were geographically closer compared to mutually emotionally stable pairs. Mu-
tually emotionally stable pairs were also geographically further apart compared
to mixed pairs.
4.4 Discussion
The aim of this chapter was to study the interaction of geographic distance and person-
ality on the connection between Facebook users.
In accordance with our hypotheses, we found that geographic distance between a pair
of users differed depending on their personality. Notably, we find that people who
scored high on the openness to experience, conscientiousness, and agreeableness were
geographically further apart from their friends compared to people who scored low on
these same facets. On the other hand, high scorers on the Extraversion and Neuroticism
facet were found to be geographically closer to their Facebook friends, compared to
low scorers on those facets. It is important to note, however, that most of these re-
lationships have small effect sizes. However, we have used conservative methods to
control for false positive rates through Bonferroni-corrections. We therefore believe
that despite the small effect sizes, the uncovered relationship between personality and
geographic distance is worth investigating further.
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To further investigate this effect, we compared connected pairs of users, based on their
personality composition (same or mixed). We confirmed that conscientious and open
pairs of users were indeed further apart than their low-scoring counterparts, as well
as pairs with mixed personality scores on these facets. We also found that extraverted
pairs of users were closer together geographically, compared to introverted pairs and
mixed pairs. We did not, however, find any effects for the Agreeableness or Neur-
oticism facet.
4.4.1 Openness to experience
We find that Facebook friends who both score high on Openness to experience are sig-
nificantly further apart than Facebook friends with mixed Openness scores, and Face-
book friends who both score low on Openness to experience. Openness to experience is
positively related to living in heterogeneous neighbourhoods [126], where befriending
people from different cultures and countries is more likely. It could be that mutually
open Facebook friend pairs first lived in the same neighbourhood and then one or both
moved away. Indeed, Openness to experience is also associated with increased migra-
tion between US states [78]. When we consider that the average age of our sample is
in the early 20s, it is likely to include many students, who have many opportunities
to travel abroad and form new social connections. The more open ones are likely to
take a gap year to travel or to go on exchange abroad, during which they might have
initialised friendships that are then maintained through Facebook despite the distance
once the exchange or travel period is over. In addition, high Openness to experience is
associated with a tendency to stay in touch through online means, and to build strong
online social networks [72]. It is therefore likely that Facebook is an important tool for
open individuals to stay in touch with distant others, particularly those they feel similar
to and who might have the same tendencies to stay in touch through online means.
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4.4.2 Conscientiousness
We find that Facebook friends who both score high on Conscientiousness are more
likely to live further apart than pairs of friends who score low on Conscientiousness.
Conscientiousness was not associated with migration in a US sample [78], so the ex-
planation for this pattern is probably different than for open people. This finding might
be confounded by the intrinsic disorganised nature of unconscientious people: they
might be less consistent in their communication patterns with others who are further
away, and therefore lose connections that cannot be maintained through face-to-face
contact more easily than conscientious Facebook users. Interestingly, conscientious
users are less likely to stay in touch with others through online means [72]. This ap-
pears to contradict our speculation on conscientious users staying in touch online. A
Facebook friendship for conscientious users might be indicative of a stronger offline re-
lationship, as conscientious users do not tend to use online social media as much. They
might therefore be staying in touch with distant others through different means, which
are not captured through online interactions such as phone calls or texting. This facet
in particular deserves further investigation, as it consistently emerges as homophilous,
although the existing literature rarely mentions it as a possible candidate.
4.4.3 Extraversion
Pairs of extraverted users were significantly closer geographically than pairs of intro-
verted users. Extraverts rely on direct contact with their social contacts to stay in touch
with them [23]. Social media is only used as a means to report on activities carried out
with friends, and generally not as the primary tool to stay in contact with them [5]. This
is further confirmed by the finding that Extraversion is not related to building strong
online relationships [72]. This strongly suggests that extraverts prefer to physically
meet up with their friends and geographic proximity is crucial for the planning of joint
social activities. For introverted pairs, online-based relationships might be more likely,
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which could explain the increase in distance between them compared to extraverted
pairs. Introverts construe their “real-me" as how they present themselves online, so
they might be more comfortable to communicate via more indirect means, and might
not require frequent face-to-face activities.
4.4.4 Agreeableness
We find no difference in geographic distance between agreeable pairs of Facebook
friends, disagreeable pairs, or mixed pairs. Agreeable people tend to stay in their home
state and contribute to social cohesion in their neighbourhoods [78]. Agreeableness
was also positively associated with the strength of online relationships, which can help
maintain relationships at long distances. However, it has also been found that agreeable
people are the most popular interaction partners online [12]. This might indicate that
people are motivated to stay in touch with them regardless of distance, which could
explain the lack of effect overall.
4.4.5 Neuroticism
We find that pairs of neurotic users are geographically closer together compared to
pairs of emotionally stable Facebook friends. We suggested that this might be due to
the fact that neurotic users are restricted in the social connections they form and there-
fore stay in close proximity to their existing contacts so they can rely on them for sup-
port. Interestingly, while neurotic users prefer indirect ways of communicating such
as text messages [23], Neuroticism is negatively associated with forming strong online
connections [72]. This might mean that neurotic users are not good at maintaining
relationships at longer distances, which mostly rely on online communication. Neur-
oticism was also not associated with migration [78], making it less likely for neurotic
users to move around and therefore increase the distance between them and their social
contacts. Travelling or moving to another state, country or even within the same region
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can be a stressful experience, which might be exacerbated if a person is naturally prone
to anxiety and worry. Neurotic people might therefore avoid such experiences, which
contributes to their more local connections compared to emotionally stable Facebook
users.
4.4.6 Limitations
Further work will have to focus on the reasons behind these effects. The static nature
of the current dataset does not allow to answer this question, but a more dynamic
network approach, which follows people and their connections as they move or settle
somewhere, would be able to give further insight. A recent paper found that personality
influences the way we keep in touch with others, which shows the importance of such
an approach [72]. It is also important to consider the quality of the relationships.
Offline only rrelationships have been shown to be the best in terms of quality, followed
by mixed-mode relationships, and online-only ones [7]. However, it is also important
to note that online and offline networks mirror each other in terms of structure, making
readily-available social media data an acceptable proxy for recreating people’s social
networks [46]. Finally, with the exponential increase in the use of social media over
the last decade, it is valuable to consider online networks as a worthy subject of study
in their own right.
A limitation of the dataset is that the location of participants of the personality ques-
tionnaire do not necessarily match their actual location of residence. The distance
metric took into account their location at the moment they completed the question-
naire, while the country variable was derived from a different dataset and referred to
their country of residence (as inputted by them on Facebook). In addition, locations
reported on Facebook might not always be accurate. People might forget or neglect to
update their location when moving to a new city or country. How many of these cases
are present in the dataset is unknown. This means that people’s location in this analysis
might not match up to their usual location, which could skew the computed distances
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between pairs and skew the interpretation of the results.
Future work will need to address how such relationships evolve with distance in a
longitudinal context, which also takes into account other variables, such as frequency
and quality of contact, which have been found to be essential for the maintenance of
social ties. Personality homophily and how it relates to network structure and social
connections remains an understudied phenomenon in the current literature. To the
best of our knowledge, this study is one of the first to link personality homophily and
geographic distance together.
4.5 Conclusion
Personality homophily had a distinct relationship with geographic distance, depending
on the personality facet studied. The most important findings are highlighted
Pairs of extraverted friends tended to live closer together than pairs of introverted or
mixed friends. On the other hand, pairs of open friends tended to live further apart
when in the same country. Conscientious users were also on average further apart
from each other, compared to unconscientious ones. We found no significant effects
for Agreeableness, which might mean that this facet is not affected by geographic
distance as much as the other ones. The finding for neuroticism was puzzling, as
only effects for non-connected users were found. This might mean that geographic
location might play a role in attracting people with similar personalities to the same
location.
The findings from this chapter provide evidence to support that notion that personal-
ity mediates the sustenance of online relationships over geographical distance. This
is considered at low resolution, with distance measured in kilometres, and participants
spread potentially between countries. In an attempt to further explore the possibility
that personalities are attracted to the same location, we investigate the effect of person-
ality on co-location in the next chapter. More specifically, we explore how personality
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similarity is related to the number of common venues users of a location-based social
media application, frequent.
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Chapter 5
Personality homophily in a
location-based social network
Parts of this chapter have been published in the peer-reviewed journal Computer in Hu-
man Behavior in 2016: N. Noë, R.M. Whitaker, M.J. Chorley, Martin, and T.V. Pollet.
Birds of a feather locate together? Foursquare checkins and personality homophily.
Computers in Human Behavior, 58: 343-353, 2016.
5.1 Introduction
In this chapter, we explore the relationship between personality and physical co-location
with the aim of answering the following research question: Are people co-located at
the same venue more likely to be similar?
We move away from the broad scope of geographic distance into a much more granular
view of distance: the different venues we frequent everyday. In this chapter, we do not
only redefine our definition of distance, we also adjust what we understand under “con-
nection". Instead of viewing connection as a clear friendship request on Facebook or
a follow on Twitter, we define connection in this Chapter as co-location at a particular
venue.
LBSN change the way we view distance. Instead of an absolute measure of distance
which was considered in the previous chapter, LBSN consider distance in more relative
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terms, with co-location at the same venue being more meaningful than the actual dis-
tance between them. LBSN rely on checkins at venues by users, the choice of a user to
signal to their friends that they are at a particular locations by “checking-in". The venue
represents any location people can co-exist in: a shop, a train station, a restaurant. Fol-
lowing the locations people visit through these checkins can give us valuable insights
into their preferences, despite not providing any evidence of their mobility throughout
their day or a month. The attraction to a certain venue creates commonality for all the
people who decided to visit a particular venue. It is on the basis of this commonality
that we can derive a meaningful network of LBSN users who are connected through
the common choices of venues they have made. This commonality is solely based on
geography, and not on time. Time is not considered, as the ground for commonality is
the venue, rather than a physical interaction. Many considerations go into the choice
of a shop or restaurant in terms of convenience, price, and enjoyability. The one we
consider in this chapter is our personality. People with similar personalities might be
attracted to similar venues, although few studies have ventured to explore this partic-
ular relationship. For example, we would expect introverted people to prefer quieter
places, while extraverts would prefer more social places. In recording people’s check-
ins we capture which venues they want to be associated with, rather than the venues
they actually go to. This creates an interesting bias, as the venues that fit a person’s
self-identity and personality best are more likely to be captured.
This way, LBSN provide a new view of distance, by not considering absolute geo-
graphic metrics such as latitudes and longitudes, but by giving a meaningful represent-
ation of what it means to be at the same location. They distinguish themselves from
other forms of social media in that regard, as they rely on the physical world to create
a virtual footprint of visited locations in the online world. They enable us to study hu-
man co-location with an unprecedented level of fidelity, as the venue ensures that each
recorded co-location is indeed meaningful and not merely two people passing each
other on a busy road. The characteristics of LBSN are further expanded on in Section
5.1.1.
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The dataset used in this chapter is derived from a study carried out by Chorley and col-
leagues [25, 26]. To explore user personality and location-based activity, Chorley and
colleagues collected data through the Foursquare Personality Experiment [25], which
was designed to allow users of the Foursquare 1 location-based social network to par-
ticipate in anonymous collection of their checkins and personality profile in return for
a visualisation of their own personality relative to others at locations where common
checkins are made. This novel approach naturally incentivises participation and has al-
lowed viral participant recruitment “in-the-wild” to be accomplished, resulting in data
from 174 anonymous participants who have collectively checked in 487,398 times at
119,746 venues. Chorley and colleagues [25] gave valuable insight through correla-
tional analyses of personality facets and check-in behaviours, but we extend this work
with additional considerations. First, we build a geographic network of Foursquare
users based on their common checkins to map out the connections people make by
visiting the same locations. We then consider the effects of personality homophily on
the geographic connections between users, and how venues can attract users with the
same personality.
This way, the same dataset enables us to link preferences for the same venues to sim-
ilarities in personality. As in the previous chapter, we introduce a measure of strength
for connectedness by distinguishing between pairs of users who frequent several of the
same venues, as opposed to those who only have a few in common. While we con-
sider the distance dimension, we do not take into account the time dimension when
measuring co-location. Based on the strength of connection, we build several network
graphs with the users as nodes and the number of venues each connected user pair has
in common as the edge. The occurrence of expected connections is compared to that
of the observed ones in each graph, using chi-square tests.
In order to answer the research question, the chapter has been broken down into the
following parts:
1Foursquare have reorganised their business model since the study and checkins are now made
through a dedicated application called Swarm: http://www.swarmapp.com
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1. In section 5.1.1, we elaborate on the significance of LBSN applications and their
use for research.
2. In section 5.1.2, we focus on the motivation behind the use of LBSN applications.
3. In Section 5.1.3, we elaborate on the idea of spatial homophily and how person-
ality relates to it.
4. In Section 5.2, we provide the motivation behind each of our hypotheses, and
summarise them.
5. In Section 5.3, we present the methodology and dataset used in this chapter to
answer the different hypotheses.
6. In Section 5.4, we present the results pertaining to each of the hypotheses; we
first look at the characteristics of the user network obtained from the dataset
in Section 5.4.1, then at their personality scores in Section 5.4.2, and finally
we assess the co-occurrence of personality in the network in Section 5.4.3, and
summarise the findings for each hypothesis in 5.4.3.
7. In section 5.5, we discuss the findings of this chapter, their implication, and any
limitations.
8. In Section 5.6, we summarise the main findings of the chapter.
We find that there were no homophily effects when considering users’ overall per-
sonality profile. In other words, number of common locations between users was not
significantly related to their similarity on their overall personality profile. More inter-
esting findings emerge when we look at each facet separately. We find that Openness to
Experience and Conscientiousness have strong homophilous effect in regards to venue
co-location. Next, we find partial support for Agreeableness and Neuroticism being ho-
mophilous, but no evidence for Extraversion. Conscientiousness and Extraversion both
present surprises: we expected strong effects for Extraversion but found none, while
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we expected no effects for Conscientiousness and found strong support. This mismatch
might be explained by the fact that our hypotheses are mainly informed from findings
regarding standard social networks, rather than spatial ones. Spatial networks might
have different rules of association than social ones, which makes them an interesting
avenue for new research regarding homophilous tendencies.
5.1.1 Characteristics of Location-Based Social Networks
With the advent of the Internet and the popularity of social networking, it has become
possible to understand this concept through the electronic ties that individuals choose
to make with each other, leading to a wide range of insights from large electronic data
sources. Despite these recent advances, relatively little is known about the manifesta-
tion of homophily in a physical context, thus the extent to which similar people have a
preference for visiting the same places is an important question to ask. Unfortunately,
a significant barrier to answering this question has been convenient data collection on
a large scale, which until recently has been challenging to accomplish without access
to dedicated location tracking equipment. However, the recent advent of smartphones
and LBSN allows new progress to be made.
Checkins give particular insight into the venues that an individual chooses to record
as important, interesting or relevant. However in some SNS such as Facebook and
Google+, the checkin functionality has been introduced as a secondary function, built
on top of other online social networking functionality. Foursquare is different in this
regard, originating with checkins as its primary function, and with limited second-
ary content provision. These factors, combined with a rich Application Program-
ming Interface (API) on which third party applications can be developed, have led
to Foursquare being a popular basis for academic insight to a range of human beha-
viours. Primarily these have concerned physical activity, such as relating to patterns
made by users (e.g., [118]) and with a high degree of location data aggregation. This
has led to insights into the effect of social relationships and routine on spatial behavior
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for example [24].
5.1.2 User Motivation
A LBSN users’ checkin behavior may be motivated by several factors, such as es-
tablishing a social connection with friends, discovering new places to visit, keeping
track of already visited places, fighting boredom and gamification [98]. LBSN al-
low users to select certain locations as a means of self-presentation, referred to as
the spatial self [136]. This is frequently consistent with other forms of online self-
presentation and can involve venue avoidance to counter associations with perceived
negative places [98]. Users have been found to control the volume of checkins in dif-
ferent ways, avoiding spamming their social networks with too many checkins and
giving thought to self-presentation [136]. Different levels of consistency (i.e., venue
selection) have been reported. Some users consistently check in to any place they visit,
while others select their checked in locations more carefully, based on how interesting
or deserving they deem the place to be [98]. Audience management is a further aspect
of user behavior in LBSNs, with users sharing different checkins with different groups
of friends and acquaintances. In some cases, interesting checkins, meaning checkins
at unusual or new venues, were reserved for Twitter and Facebook, while more general
checkins were shared with friends [34].
These factors mean that the checkin is a potentially noisy signal with varying purposes
between individuals. To some degree, checkins represent a unique footprint which is
characteristic of the individual user, and are worthy of investigation as a means to un-
derstand human behavior. However, limited existing studies have addressed the role
of checkins in relation to individual differences such as personality. [154] have con-
sidered the personality characteristics that correlate with individuals sharing checkins
in Facebook, and in [25], the personality traits of individual users have been correlated
with observed checkins.
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5.1.3 The Emergence of Spatial Homophily
Given that personality is a potential predictor for behaviour and attitudes in a range of
situations [58], it is possible that personality-based homophily may support the attrac-
tion of like individuals for a wide range of scenarios [140]. One conceivable scenario
where personality may have a homophilic effect relates to the type of location that
individuals choose to visit. So-called spatial homophily has only recently been con-
sidered [163, 121], and captures the attraction of individuals, who are in some sense
similar, to common locations.
Taking the volume, diversity and broad categorisation of venues visited as variables,
the first examination of human mobility behaviour at street level, in relation to human
personality [25] identified a number of interesting correlations. In particular, conscien-
tiousness positively correlated with the number of venues visited, openness positively
correlated with checkins at both sociable and popular venues, and neuroticism negat-
ively correlated with the number of sociable venues visited.
Recent work [136] has proposed that people may use the places that they visit to
build an online representation of themselves. Hence, potentially the characteristics
of people can be derived from the locations that they choose to affiliate with through
checkins. [62] demonstrated that impressions of a place and its visitors could systemat-
ically be derived from the Foursquare user profiles of its visitors. Participants were able
to accurately predict the personality of a typical visitor of a specific location, based on
the Foursquare profiles of actual visitors (ICC = .69). Ambiance (ICC = .32) and
typical activities of visitors (ICC = .33) of a specific place had far lower agreement.
On a larger scale, [35] demonstrated that a city’s character could be derived from the
mobility patterns of its residents. Similar people tended to visit a network of venues
within a neighbourhood or region of a city that form a comprehensive whole, rather
than individual locations [35].
Personality has also been related to spatial location and to spatial homophily. For ex-
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ample, different neighbourhoods in London have different personality profiles [79].
Here it was identified that the centre of London has a higher prevalence of high Open-
ness to experience and low Agreeableness, while neighbourhoods further away from
the city centre are low in Neuroticism and high in Conscientiousness. [79] also showed
that personality mitigated the effect of neighbourhood on life satisfaction. More spe-
cifically, open individuals were the happiest in neighbourhoods with a high number
of fellow open people. This suggests that personality-homophily can have important
implications for life satisfaction in specific London neighbourhoods [79]. Personality
not only characterizes specific neighbourhoods, but evidence has been presented that it
may characterize entire countries, as explored in chapter 4.
The places considered through spatial homophily need not be restricted by one’s res-
idential neighbourhood or region, however. For example, [80] identified clusters of
individuals, such as gym enthusiasts or art enthusiasts, who had similar interests in
venues consistent with their Foursquare checkins. Interestingly, the venues visited by
individuals within the same cluster were spread throughout the city, rather than being
confined to a particular neighbourhood. Specific types of locations, rather than general
geographic areas, can therefore be places where people with similar personality traits
assort. This contributes to the motivation for our investigation.
5.2 Motivation for Hypotheses
Our focus concerns observing signals of homophily through common LBSN checkins
and similarity of personality. The extent of the effect of individual differences in per-
sonality on the similarity of locations visited remains unknown. Developing further
understanding of this issue is our objective, while acknowledging that checkin activity
represents only a subset of human physical behavior and a conscious but noisy signal,
with different motivations for its use (see Section 5.1.2).
Based on previous findings (e.g., [163]) it is possible some venues may play a greater
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role in facilitating spatial homophily than others, such as leisure venues (e.g. sports
centre) and sociable avenues, (e.g. night-life spots), as compared to venues people only
pass through as a necessity and with little option for choice or self-expression (e.g.,
transport hubs). Furthermore, each checkin may serve as a signal to social network
followers concerning personal affiliations with places that they feel are important.
Given this context, we consider the implications of personality facets on spatial homo-
phily in the following sections. As the literature on spatial homophily and location-
based social networks is limited, we additionally consider the usage of online social
networks and user personality.
5.2.1 Openness to Experience
Recent research from spatial homophily [79] suggests that openness to experience
might be the strongest predictor of homophilous connections in an LSBN such as
Foursquare. Openness to experience was also positively correlated with visiting so-
ciable and popular venues [25]. In terms of online social networks, open people tend
to enjoy a diverse network of friends [155] and are frequent users [155, 130, 135]. The
motivation for use of online social networks by highly open users is most likely tied to
their novelty [4]. Therefore, one could infer that in a LBSN setting, open users might
seek popular venues, because such locations appeal to them through their novelty and
originality. Sociable venues might be attractive because open people tend to enjoy so-
cializing with and meeting new people. Additionally, by virtue of their curiosity, open
people might have a tendency to assort at common venues that are new and interesting
to them. However, this could lead to widespread dispersion of checkins, reducing scope
for spatial overlap and common checkins, thus resulting in lower spatial homophily. In
terms of low openness scoring, such individuals may have a tendency to congregate
at a more limited range of familiar places, affecting likelihood of common checkins
being detected.
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5.2.2 Extraversion
In terms of LBSN, Extraversion has not been found to correlate with any particular
checkin behaviors [25], but their high sociability characteristics might make them
likely to assort at sociable venues nonetheless [139]. When using Facebook, extra-
verts post and share updates about their social life through photos and events more
often than introverts; and have, unsurprisingly, a bigger network of friends in online
communities [4, 135, 123]. Therefore LBSN might be especially suited to extraverts
who like to readily share the events and offline activities they take part in through on-
line means [4]. However we could equally find that extraverts are attracted by a diverse
range of venues, and therefore do not display the predicted homophilous behavior. Fur-
thermore, in terms of online behavior, extraverts have been found to refrain from using
the Internet as a substitute for social interactions [6]. This means that extraverts could
use LBSN consistent with meeting friends or partaking in social activities. For online
social networks it has also been argued that extraverts, although enjoying a vast number
of friends and being less prone to loneliness, tend to have less well connected neigh-
bours, while introverts are embedded in strongly connected networks, albeit with fewer
neighbours [139, 67]. Introverts post and share less on social media, however, when
they do, they gain more likes and comments than their extraverted counterparts [5],
providing support for the idea that introverts are embedded in small, but tight-knit so-
cial networks. Homophily has been shown to be stronger in smaller communities [94],
we could therefore find introverts to be more homophilous than extroverts, including
in a location-based social network such as Foursquare.
5.2.3 Conscientiousness
For online activity, Conscientiousness was found to be negatively correlated with leisure-
related Internet use and positively with academic Internet use among adolescents [92].
It has been argued that conscientious users tend to stay focused on their tasks, which
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makes them less likely to engage in distracting behaviours, such as going on Face-
book [130]. Conscientious users have more friends on Facebook than unconscien-
tious users, but also use some Facebook features less [4]. Conscientiousness has been
linked to the use of LBSN through Foursquare [25], being positively correlated with
the number of venues visited. The nature of the Foursquare application might be es-
pecially suitable for conscientious users: they consistently remember to checkin at
the venues they visit, unlike their more disorganized counterparts. There is no indic-
ation that being a consistent LBSN user increases their likelihood to checkin to the
same venues, however. Previous social network and communication studies have not
identified conscientiousness as playing a role in homophilous processes of other social
networks [12, 4, 130]. Therefore, in terms of spatial homophily the basis for specific
expectations for the conscientiousness facet to be assortative are limited. However, a
conscientious user’s consistent checkin behavior might increase the likelihood of de-
tecting homophilic effects.
5.2.4 Agreeableness
Overall, agreeableness appears assortative in a communication setting, but does not
seem to be specifically correlated to online behaviour or social networking site use [4,
130, 135]. It was also uncorrelated with venue checkins in Foursquare [25]. Other
than a friendly atmosphere, it is difficult to speculate on what aspects of a venue attract
agreeable individuals. Agreeableness is a personality facet that is most related to social
interactions between acquainted individuals, which might be difficult to capture from
LBSN data when the relations between users are not known. Communication between
users, the only aspect that agreeable individuals have proven homophilous on [12], can-
not be assessed. We therefore expect that agreeable LBSN users would not necessarily
increase likelihood of attraction to similar venues.
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5.2.5 Neuroticism
Neuroticism, which has been associated with a lack of perceived social support, also
has a negative relationship with Internet use [145], in particular with leisure usage such
as instant messaging and social gaming [6]. Neurotic people have been found to avoid
discussion boards, showing little interest in participating in them online [6]. Unsur-
prisingly, neurotics are avoided as online interaction partners on discussion boards,
even by other neurotics [12]. Whether these avoidance patterns are reflected in their
spatial behavior is unclear. Emotionally stable users preferred to communicate with
agreeable users, but not with each other [12]. It seems that neurotic people tend to
have difficulties forming and maintaining social relationships online and offline [155].
However, neurotic individuals are speculated to be more comfortable in some online
settings, as they are more likely to construe their online persona as their ‘real-me’ [5],
which they create in LBSN by regulating their checkins [136]. This ‘altered’ version
of their profile might therefore be an inaccurate reflection of their ‘true’, offline per-
sonality. Despite this, neuroticism was found to be negatively correlated with number
of checkins to sociable venues [25]. We have seen little evidence for personality ho-
mophily for Neuroticism in previous chapters. No relation to spatial homophily was
identified in [79] and therefore we expect to detect no spatial homophily effect for
neuroticism, but one might expect highly neurotic users to be disassortative.
5.2.6 Overall personality profile
Analysing each of the five personality traits separately gives us valuable insight into ho-
mophily processes. However, given the spatial context in which homophily is being in-
vestigated, we further consider the overall personality profile. Concerning LBSNs, [62]
found that participants were able to accurately predict the personality of typical visitors
of a venue, solely based on images from Foursquare. Additionally, previous studies on
ties in social networks found that similarity in three of the five facets (Extraversion,
132
agreeableness, openness to experience) promotes tie formation [138]. It remains un-
clear from this study whether tie formation is especially strong among people who
score similarly on all three facets at once. According to [109], the stronger the connec-
tion between two people, the higher their similarity. In line with this assertion, the ho-
mophily effect appears to be especially strong among spouses and close friends [109].
However, in the present study, connection between people represents the extent of
commonality (i.e., number of checkins) at a location in a LBSN, rather than a direct
human relationship. To the extent of our knowledge, this is the first time connection
strength has been assessed in this way. But based on previous work on close ties and
personality [109, 138] and predictions based on Foursquare activity [62], there is some
basis to hypothesise that increased commonality at which checkins are made positively
influences overall personality similarity.
5.2.7 Summary of Hypotheses
Based on Sections 5.2.1-5.2.6 we summarise the hypotheses as follows:
1. Open users have a greater tendency to be co-located at the same venues.
2. Spatial homophily and conscientiousness are not correlated.
3. Extraverted users have a greater tendency to be co-located at the same venues.
4. Spatial homophily and agreeableness are not correlated.
5. Neurotic users have a lesser tendency to be co-located at the same venues.
6. Greater similarity in overall personality profile implies a greater tendency to to
be co-located at the same venues.
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5.3 Methodology
Data for this chapter was collected through the Foursquare Personality Experiment
[25], which has already given important insights into the correlation between different
personality facets and Foursquare use. The dataset was used to create a network of
users based on their common checkins to inform the hypotheses outlined in the previ-
ous section.
5.3.1 Data collection
The data for the study was collected from an open web-based participatory study [25]
that was created to examine checkin behaviour and personality of volunteer users of
the Foursquare LBSN. Based on substantial software engineering, this was open to all
Foursquare users, and referred to as the ‘Foursquare Personality Experiment’, which al-
lowed an individual’s checkin history to be assessed while undertaking a questionnaire-
based assessment of the user’s personality. The ‘Foursquare Personality Experiment’
was launched on the 19th of November 2012 [25]. It is recognised that the higher
the number of items in the personality questionnaire, the more accurate the personal-
ity assessment [61] and the most recent and standard version of the Big 5 personality
questionnaire, the NEO-PI-3, is comprised of 240 items [108]. However to maxim-
ise completion rates, the 44-item BFI was used [18], with answers represented on the
Likert scale 1 to 5. Volunteers were incentivised by providing feedback on their per-
sonality as compared to others who checked in at the same venues.
The data collection involved participation from 218 Foursquare users. Personality data
was given by 183 of these users. Of these 9 users did not have any checkins, leaving
a total of 174 users for analysis. In terms of internal consistency, within the BFI ques-
tionnaire the Extraversion facet was comprised of 8 items (α = .87), the agreeableness
facet of 9 items (α = .81), conscientiousness of 9 items (α = .82), neuroticism of
8 items (α = .83) and openness to experience of 10 items (α = .83). Checkin vari-
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ables from this data set were assessed in detail [25], addressing correlations concerning
number of checkins, number of distinct venues visited, number of checkins at sociable
venues, number of sociable venues visited and the average popularity of venues vis-
ited. Figure 5.1 shows the geographic location of the Foursquare users in the dataset.
There is a good geographic spread of users across North America, Europe, and Asia,
but relatively few users from Africa, South America, and Australia.
Figure 5.1: Geographic location of Foursquare users who have completed the
personality questionnaire (each dot represents the latitude and longitude of the
venues users who completed the questionnaire have checked into).
5.3.2 Definitions
To model spatial homophily we use a graph-based representation, defined as follows.
Definition 1. Define a graph G = (V,E) where node v ∈ V represents a unique
LBSN user, and edge {u, v} ∈ E represent the common checkin of u and v at 1 or
more locations. For an edge e ∈ E, let the weight of e, denoted ew, indicate the
number of common venues at which u and v have checked-in.
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Definition 2. Let dG(v, w) be the number of edges in G adjacent to v with weight at
least w. Then Gw = (Vw, Ew) is the graph with Vw = {v ∈ G : dG(v, w) > 0} and
where e ∈ Ew if and only if e has edge weight of at least w.
Graph G allows commonality between individuals, based on checkins, to be assessed.
To model the relative ranking of an individual’s personality score we label the nodes
as described in Definition 3. Network edges can be prone to measurement errors.
Repeated measurement has been suggested as a way to combat such errors [117]. If
an edge is repeatedly observed to exist at different measurement times, it is likely to
be a real edge. In this case, measurements are repeated over locations, rather than
time, as network edges represent a common check-in. Each participant has a record of
check-ins to specific venues, which have a unique id, and are recognised by the Swarm
application as such. If two participants have checked in at the same venue, then they
are considered to have a common check-in. For each pair of participants, the number of
such common check-ins can be summed up. To this effect, Gw allows for the creation
of graphs whose edges we can be more confident about. A unique observation of a co-
location might be prone to measurement error, while repeated co-location at different
venues gives greater confidence that two users are indeed co-located.
Definition 3. For graphG = (V,E) each node v ∈ V is labelled with a five-dimensional
vector (v1, . . . , v5). vi indicates the facet value for the ith personality facet, which
collectively represent openness, conscientiousness, Extraversion, agreeableness and
neuroticism.
The facet value vi represents the tercile (first, second or third in ascending rank) in
which v’s personality score is categorised, relative to all nodes within V for the ith
facet. We opt to use terciles in our analysis for the same reasons presented in the
chapters 3 and 4: Terciles allow a clearer distinction between strong and weak scores,
through which the first and third terciles can be used to test hypotheses that concern
extreme values (e.g., extraverts and introverts). For similar reasons, this approach
has been successfully adopted for the analysis for personality in a number of settings
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(e.g., [4, 130, 135]). The cut-offs for the tercile categories for this dataset are presented
in Table 5.1. Participants scoring equal or below the lower cut-off are considered low
scorers, while participants scoring equal or above the upper cut-off are considered high
scorers. Participants scoring in between the lower and upper cut-off are considered
middle scorers.
Table 5.1: Terciles cut-offs for personality scores
tercile group lower cut-off upper cut-off
Openness to experience 3.60 4.20
Conscientiousness 3.11 3.55
Extraversion 2.63 3.5
Agreeableness 3.11 3.89
Neuroticism 2.50 3.25
Assessment of tercile use
Finally we check that representing personality facets by tercile, as commonly adopted
in other work (e.g., [130, 4]), retains strong correlation with raw average personality
scores from the completed questionnaires. A strong correlation is expected if terciles
are indeed a good representation of the raw scores. Let ui denote the ith personality
facet for node u. For a pair of users u, v such that u, v ∈ G, we define the sum of
absolute difference between personality profiles as SADu,v =
∑5
i=1 |ui − vi|. When
facet values represent terciles (i.e., 1, 2 or 3), this metric is denoted by SADTu,v. When
facet values represent raw personality scores (i.e., a Likert scale rating in the range 1-
5), the metric is denoted by SADRu,v. For all u, v ∈ G, the correlation between SADTu,v
and SADRu,v is significant and strong for all personality facets (openness: r = .88, p =
.0001; conscientiousness: r = .89, p = .0001; Extraversion: r = .91, p = .0001;
agreeableness: r = .92, p = .0001; neuroticism: r = .90, p = .0001). This provides
confidence that terciles are representative of the raw personality scores.
137
5.3.3 Creation of the spatial network: G
From the checkin data and personality data collected in Section 5.3.1 a graph G is
constructed consistent with Definitions 1 and 3. G has |V | = 173 and |E| = 5373,
representing an edge density of approximately 35%. Edge weights reach a maximum of
319, with a mean of 2.92 and standard deviation of 10.85. In total 8075 unique venues
are represented from 347 Foursquare venue categories. A graphical representation of
the network graph G is presented in Figure 5.2, and was built using the open source
graph visualisation software, Gephi [16].
Figure 5.2: Representation of the network graph, G, with nodes representing
Foursquare users and edges their co-location at one venue at least.
5.3.4 Creation of subgraphs Gw: G1, G2, G6
Three subgraphs of G, G1, G2, and G6 were generated according to Definition 2.
w = 1, w = 2, and w = 6 represent meaningful cut-offs for edge weight, when
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these are distributed according to terciles (Table 5.2). The edge weights were origin-
ally divided according to terciles, but the high frequencies of 1’s skewed the results
towards one category. The cut-offs generated by the tercile categorization were manu-
ally adjusted until the low, middle, and top group had the most similar sample sizes
between them. As mentioned in Section 5.2.6, homophily effects might increase as
connections between nodes grow stronger. Consequently, G1 represents the graph with
the weakest connections (1 common check-in to create an edge), G2 represents a sub-
graph with moderate connections (at least 2 common check-ins to create an edge) and
G6 represents a subgraph with strong connections (at least 6 common check-ins to cre-
ate an edge). We present the results of the analyses in subsequent sections for G1, G2
and G6.
Table 5.2: Terciles cut-offs for edge weights, ew
tercile group lower cut-off upper cut-off N
low 1 1 1592
middle 2 5 1871
top 6 319 1910
Characteristics of Gw
G1 has |V1| = 173 and |E1| = 5373, representing an edge density of approximately
36%. Mean node degree in G1 is 62.12 (std = 35.65), with a range from 1 to 137. G2
has |V2| = 170 and |E2| = 3781, which represents an edge density of approximately
26%. Mean node degree in G2 is 44.48 (std = 30.27) with a range from 1 to 122.
Finally, G6 has |V6| = 164 and |E6| = 1910, with an edge density slightly above 14%.
In G6, mean node degree was 23.29 (std = 20.34) with a range from 1 to 85.
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5.3.5 Planned analyses
We first investigate the general structure and characteristics of the three subgraphs
Gw to understand how taking into account strength of connection changes the global
structure of the network in Section 5.4.1. Personality scores of all Foursquare users
are compared to those of a general Internet population using t-tests in Section 5.4.2.
Personality scores between the different subgraphs Gw are also compared using t-tests
with the expectation to find no significant differences. Finally, correlations between
personality scores are also assessed in order to highlight any natural tendencies of two
facets being more likely to co-occur.
To test for significance relating to the structure of Gw, we benchmark Gw against a set
of random graphs R∗w, where each graph Rw ∈ R∗w has the same dimensions as Gw
(i.e., same number of nodes and edges). Therefore each node v in Rw corresponds to a
node v in Gw, and the corresponding five dimensional facet value vector for v (Defin-
ition 3) is fixed for each v in Rw. Thus the personality profile associated with nodes
in Rw remains fixed with edges randomised. We use |R∗w| = 1000 and R¯ indicates
the hypothetical average graph in R∗. A similar approach is commonly used in social
network analysis (e.g., [163], [37]).
For every statistic for R¯, Rw is generated a 1000 times, and the average results of the
statistic are reported. For example, co-occurrences of similar and dissimilar pairs of
users on each personality facet are assessed using chi-square tests. Observed frequen-
cies are taken from each subgraph Gw and compared to expected frequencies from its
corresponding random subgraph R¯. These expected frequencies are generated as an
average of the frequencies of co-occurrences observed in 1000 different generations of
Rw.
All statistical analyses are carried out using IBM SPSS 23 [74], while the data restruc-
turing, including the building of network representations were carried out in Python,
using the networkx package [152, 66]
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5.4 Results
We first present the findings of the comparative analyses between the different sub-
graphs Gw in terms of their network characteristics in Section 5.4.1. In Section 5.4.2,
we present these comparative analyses in terms of personality, and also in comparison
to a general internet population. In section 5.4.3, we assess the support for each of the
hypotheses defined in Section 5.2.
5.4.1 Network characteristics of each subgraph Gw
We compare the network characteristics of each subgraph to get a better understand-
ing of their comparative structure, also in relation to their equivalent random graphs
created, Rw.
Degree distribution
Degree differed significantly between G1, G2, and G6. Median node degree in G2
(median=44) is significantly lower than inG1 (median=62), U = 10, 451, Z = −4.63, p =
.0001. Median node degree in G6 (median=16.5) is, in turn, significantly lower than in
G2, U = 8, 122, Z = −6.60, p = .0001.
Degree for G1 is not normally distributed (W (173) = 0.97, p = .002). A skewness
value of (S = 0.009) indicates that the distribution is close to being symmetrical
around the mean, suggesting that the right skew of the distribution is limited. Kur-
tosis values of K = −0.93 suggest a platykurtotic distribution, which is qualified by
less extreme values at either tails and a flattening of the values around the mean, when
compared to a normal distribution [38]. Degree for G2 and G6 follow a similar dis-
tribution with kurtosis values of K = −0.72 and K = 0.19 respectively. Skewness
values were S = 0.38 for G2 and S = 0.96 for G6 (Figure 5.3).
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Figure 5.3: Degree distribution for G1, G2, and G6
Clustering coefficients
Clustering statistics are presented in Table 5.3, and were calculated using the networkx
package in Python [66], which uses the node clustering formula as defined by Saramaki
et al [132]. Significantly higher clustering is seen in G1 (mean = .73, std = 0.18) as
compared to R1 (mean = .36, std = 0.00036), with U = 870, Z = −15.21, p = .0001.
Clustering was also higher for G2 compared to R2 (U = 1566, Z = −14.46, p =
.0001) and for G6 compared to R6 (U = 3828, Z = −12.06, p = .0001). This sug-
gests that checkins indeed have a tendency to cluster at particular locations and are not
randomly distributed.
5.4.2 Personality characteristics of Foursquare users
The Foursquare users in the sample considered scored around the midpoint of 3 on the
Likert scale for most personality facets as shown in Table 5.4, with the highest score
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Table 5.3: Descriptives for node clustering in graphs Gw and R¯w
dependent variable minimum maximum mean std
observed (G1) 0 1 .73 0.18
random (R¯1) .36 .36 .36 0.00035
observed (G2) 0 1 .70 0.22
random (R¯2) .25 .25 .25 0.00045
observed (G6) 0 1 .61 0.29
random (R¯6) .13 .13 .13 0.0007
for openness to experience and the lowest score for neuroticism.
Table 5.4: Descriptives for personality scores
personality facet N minimum maximum mean std
openness to experience 174 1.20 5.00 3.87 0.61
conscientiousness 174 2.00 5.00 3.43 0.65
Extraversion 174 1.13 5.00 3.15 0.84
agreeableness 174 1.89 5.00 3.56 0.64
neuroticism 174 1.00 4.50 2.91 0.73
Comparative personality scores for Gw
Personality scores from Foursquare users of G1, G2 and G6 were similar to the users
considered in G (Table 5.5).
Mean personality scores remained consistent across all subgraphs G1, G2 and G6 even
though each subgraph had fewer nodes than the parent graph, G, see figure 5.4. This
gives confidence that despite reductions in sample size, subgraphs G1, G2 and G6 are
comparable in terms of personality.
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Table 5.5: Descriptives for personality scores in G6
personality facet N minimum maximum mean std
openness to experience 164 1.20 4.90 3.89 0.60
conscientiousness 164 2.11 5.00 3.45 0.65
Extraversion 164 1.13 5.00 3.15 0.84
agreeableness 164 1.89 5.00 3.57 0.64
neuroticism 164 1.00 4.38 2.89 0.72
Figure 5.4: Scores of each personality facet for G1, G2, and G6. O: Openness to
experience, C: Conscientiousness, E: Extraversion, A: Agreeableness, N: Neur-
oticism.
Comparison with general internet population
We compare the aggregate personality profile for all Foursquare users (Table 5.4)
with results obtained for the general Internet population [142], assuming a sample
aged 30 years old. The mean and standard deviation rather than raw scores were
available for each facet, and the comparison sample was larger (N = 3007). These
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mean scores are available in [142]. Using a two-sample t-test, the two samples were
compared for each facet separately. Foursquare users in our sample scored similarly
on openness to experience (t(3180), p = .12) and marginally lower on extraversion
(t(3180) = 1.86, p = .06). However, Foursquare users in our sample scored signi-
ficantly lower on the conscientiousness facet (mean = 3.43, std = 0.65) compared to
the general Internet population (mean = 3.63, std = 0.72), t(3180) = 3.09, p = .002.
The Foursquare users in our sample also scored significantly lower on the agreeable-
ness facet (mean = 3.56, std = 0.64) compared to the general Internet population
(mean = 3.67, std = 3.69), t(3180) = 2.25, p = .02. Finally, Foursquare users scored
significantly lower on neuroticism as well (mean = 2.91, std = 0.73), compared to the
general internet population (mean = 3.22, std = 0.84), t(3180) = 4.78, p < .0001.
However, it must be noted that effect sizes for these differences were small (conscien-
tiousness: d = .11; agreeableness: d = .08; neuroticism: d = .17). In conclusion, our
Foursquare sample exhibited some small, albeit significant, differences with a general
internet population in terms of personality traits. Generalizability of our subsequent
findings to other populations, especially non-internet ones, might therefore be limited.
Table 5.6: Pearson correlations across all personality facets of graph G, *signific-
ant at p < .05, **significant at p < .001.
openness conscientiousness extraversion agreeableness
conscientiousness .03
Extraversion .29** .26**
agreeableness .18* .17* .14
neuroticism -.11 -.18* -.24* -.32**
In Table 5.6 we present the correlation between facets for all Foursquare users. Ideally
absolute correlations should be no more than around r = |.30| for facets to be tested
without confounding each other. All inter-facet correlations are within or around this
threshold with the greatest being neuroticism and agreeableness (r = −.32) which is
overall weak and deemed acceptable for independent analysis.
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5.4.3 Assessing personality co-occurence
By considering the co-occurrence of similar personality facets at connected nodes in
Gw, we are able to assess personality homophily in the context of common checkin
locations. Significance is determined by comparison of Gw against R¯w. We firstly as-
sess each facet in isolation, using tercile values. Only personality scores attaining the
first and third terciles are considered in our analysis. This avoids ambiguity of mid-
scale personality characteristics and focuses on the polar opposite strengths. Thus for
graph Gw and personality facet i, all node pairs u, v where {u, v} ∈ Ew and either
ui = vi = 1, ui = vi = 3 or ui = 1 and vi = 3 are considered. The frequency of
the same low facet value connections (both users scored in the 1st tercile), the same
high facet value connections (both users scored in the 3rd tercile) and dissimilar facet
value connections (one user scored in the 1st tercile and the other in the 3rd tercile) are
assessed by comparison with R¯w. The results of the chi-square test on the observed
frequencies (from graph Gw) and expected frequencies (from graph R¯w) of each com-
bination, and for each personality facet separately, are presented in Table 5.7. This
approach allows us to directly address hypotheses H1-H5. FDR-corrections were car-
ried out using an online calculator [124], with the alpha level maintained at .05. The
raw p-values are given in Table 5.7, but FDR-corrected p-values which are above the
alpha-level are marked by an asterisk and discussed in-text.
For an individual facet, it is feasible for multiple co-occurrence relationships to be
simultaneously significant. For example, given the fixed number of users in tercile 3, a
significantly higher number of high facet value connections (i.e., both users in tercile 3)
necessitates potentially fewer connections from such nodes to those in tercile 1, which
may result in significantly lower dissimilar facet value connections (one user scored in
the 1st tercile and the other in the 3rd tercile). Given these dependencies our primary
focus concerns low to low or high to high facet interactions. All test statistics for the
results discussed in the following paragraphs are presented in Table 5.7.
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Openness to Experience
We expected high facet value connections for openness occurring significantly more
often than otherwise expected by chance. This was supported by the data for G1 (p =
.0001), G2 (p = .0001) and G6 (p = .005). On the other hand, observed frequency of
low facet value connections were significantly below expectations for G1 (p = .0001)
and G2 (p = .016), but not for G6 (p = .71).
Conscientiousness
We expected high facet value connections for conscientiousness being not significantly
different from chance. Contrary to expectations, conscientious users follow a similar
pattern of homophily as open individuals. Observed frequency of high facet value
connections was significantly above expectations for G1, G2, and G6 (all p = .0001),
while low facet value connections were significantly below expectations for G1, G2,
and G6 (all p = .0001). The observed frequency of dissimilar facet value connections
is significantly below expectations for conscientiousness for G1, G2, and G6 (all p =
.0001).
Extraversion
We expected high facet value connections for Extraversion being significantly above
expectation. Evidence does not support this hypothesis and interestingly it is further
observed that the low facet value connections for Extraversion are significantly above
expectation for G1 (p = .0001), but not for G2 (p = .17) and G6 (p = .60). Dissimilar
facet value connections were not significantly above expectations for G2 either, when
taking into account the FDR-corrected p-value (p = .031, FDR-corrected p− value =
.055).
148
Agreeableness
We expected high facet value connections for agreeableness being insignificant as com-
pared to expectation. This is indeed the case for G2 (p = .26) and G6 (p = .22), but
evidence suggests that high facet value connections for agreeableness are significantly
above expectation for G1 (p = .006). Surprisingly, low facet value connections are
significantly above expectations for G2 (p = .009) and G6 (p = .0001); this is, how-
ever, not the case for G1 (p = .61). Dissimilar facet value connections are significantly
above expectations for G1 (p = .007), G2 (p = .0001), and G6 (p = .0001).
Neuroticism
We expected high facet value connections for neuroticism being significantly below
expectation. This is supported by the data for G1 (p = .0001) and G2 (p = .002),
but not for G6 (p = .28). Dissimilar facet value connections are, on the other hand,
significantly above expectation for G6 (p = .001). Dissimilar facet value connections
do not differ significantly from expectations for G2 when taking into account the FDR-
corrected p-value (p = .046, FDR-corrected p− value = .08)
Overall personality profile
We expected that overall personality profiles correlate with a greater tendency to checkin
at common venues. This can be assessed using the SAD measure as a similarity met-
ric, applying the raw personality scores as defined in Section 5.4.2. Contrary to our
hypothesis, SAD scores were similar between graph G1 (mean = 3.95, std = 1.72)
and graph R¯1 (mean = 3.97, std = 1.71), F (1, 10744) = 0.62, p = .43. Similarly,
there was no significant difference in SAD scores for G2 (p = .84) and G6 (p = .77)
as compared to R¯2 and R¯6.
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Summary of results
1. Open users have a greater tendency to checkin at common venues.
Strong support. Open users were significantly co-located in G1, G2, and G6. On
the other hand, observed frequency of low facet value connections were signific-
antly below expectations for G1 and G2, but not for G6.
2. Spatial homophily and conscientiousness are not correlated.
No support. Observed frequency of high facet value connections was signific-
antly above expectations for G1, G2, and G6, while low facet value connections
were significantly below expectations for all graphs. The observed frequency of
dissimilar facet value connections is significantly below expectations forG1, G2,
and G6.
3. Extraverted users have a greater tendency to checkin at common venues.
No support. Interestingly it is further observed that the low facet value connec-
tions for Extraversion are significantly above expectation for G1, but not for G2
and G6.
4. Spatial homophily and agreeableness are not correlated.
Mixed support. This is indeed the case for G2 and G6, but evidence suggests that
high facet value connections for agreeableness are significantly above expect-
ation for G1. Surprisingly, low facet value connections are significantly above
expectations for G2 and G6; this is, however, not the case for G1. Dissimilar
facet value connections are significantly above expectations for G1, G2, and G6.
5. Neurotic users have a lesser tendency to checkin at common venues.
Mixed support. This is supported by the data for G1 and G2, but not for G6.
Dissimilar facet value connections are, on the other hand, significantly above
expectation for G6.
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6. Greater similarity in overall personality profile implies a greater tendency
to checkin at common venues.
No support. SAD scores were similar between graph G1 and graph R¯1. Simil-
arly, there was no significant difference in SAD scores for G2 and G6 as com-
pared to R¯2 and R¯6.
5.5 Discussion
Previous work on personality homophily has focused on the direct attraction between
people with similar personality profiles, such as through evidence of particular rela-
tionships (e.g., friendships) or interactions between people (e.g., communication). In
contrast, this chapter addresses personality homophily in the spatial dimension, with
connections being defined through commonality of location, as indicated by checkins.
Each individual effectively filters whether a visit to a location is recorded by a checkin,
and the personality traits themselves could affect the emphasis an individual places
on this action [25]. These issues are consistent with the new role that LBSNs play
in augmenting human behavior, which has to date received relatively little attention,
and results should be interpreted in this context. We note that as compared with other
scenarios in which homophily has been addressed, assortative individuals in spatial ho-
mophily may be strangers, with limited or implicit awareness of the other individuals
with which they assort. Existing literature has very limited coverage of this scenario,
meaning that the characteristics of common locations are the indirect attractors driving
personality homophily, rather than the characteristics of other LBSN users.
5.5.1 Personality facets
Overall, the hypotheses were not fully supported, which is in part reflective of the basis
on which they were formulated, being informed by the dominant literature concerning
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online social networks rather than homophily in the context of location-based social
networks. When considering all personality facets simultaneously (H5.6), personality
profile similarity did not correlate with common checkins.
Of the individual personality facets considered, only the hypothesis on openness was
strongly supported (H5.1). This complements previous findings [25], where Openness
to experience was found to be correlated with checkins to popular and sociable venues.
Combining these observations, it is feasible that popular and sociable venues could
be an underlying feature attracting open people to common locations. This is also
consistent with the observation that people low on Openness tend to be conservative
in their choices and this may manifest itself with preference for checkins at familiar
locations, instead of exposure to new locations that reflect additional diversity. As a
result, individuals with low Openness scores might co-locate with similar others less
often, due to reduced opportunities to do so, with this reflected in checkin behavior.
Partial support was found concerning agreeableness (H5.4), which exhibited more ho-
mophilous tendencies than first anticipated. These unexpected results are of interest
given that across the existing literature, of all the personality facets explored, find-
ings concerning Agreeableness have generally featured the least. However this facet
may have more significance for spatial homophily because disagreeableness is consist-
ent with the inclination to be critical of others [58, 111]. This may manifest itself in
specific and stringent standards for the locations they visit. As a result, disagreeable
people are more inclined to visit common locations from a much smaller subset of
venue types, in contrast to their agreeable counterparts.
Partial support was found for neuroticism as well (H5.5). By virtue of their person-
ality, individuals high in Neuroticism are much more likely to use electronic media
to present themselves favourably online [130], although they also tend to provide ac-
curate personal information [5, 130]. Furthermore, neurotic individuals might be less
inclined to visit locations in the first place, resulting in fewer opportunities to gain com-
mon checkins with others. This makes spatial homophily effects less likely to exist for
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neurotic personalities, which is in line with our findings. It is interesting to note, how-
ever, that the spatial behavior of neurotics offline mirrors the communication behavior
of neurotics online, in the sense that they seem to be less likely to be co-located and
communicate, respectively, with one another.
No support was found concerning Extraversion (H5.3). This indicates that extraverts
might not be commonly attracted to specific characteristics of a location, or may not be
consistent in displaying checkins based on the location’s characteristics. From existing
literature, extraverts are known to use social media as a means to portray their social
activities but it does not replace their social interactions [4], nor do they construe their
online self-representation as part of their identity [5]. Consequently it is possible that
these features of Extraversion are dominant in spatial homophily. Introverts, however,
may pursue checkins at locations with common characteristics, which are aligned with
the facet (e.g., quietness). However, it must be noted that this homophilic effect disap-
pears with increased commonality of checkins (i.e., w = 2, 6) and so we discount this
for further consideration.
The conscientiousness facet proved to be assortative, which was not anticipated (H5.2)
and is of particular interest. Conscientious users follow a similar pattern of homophily
as open individuals. These results extend the observation in [25] that Conscientious-
ness and number of checkins in Foursquare correlate, indicating that venue selection
has an important role to play for this personality facet. It is possible that Conscien-
tiousness in conducting checkins may well lead to increases in volume which in turn
increase the likelihood of common checkins. However, certain characteristics of loca-
tions might be especially attractive to conscientious people, such as a well-organized,
distraction-free environments, which increases the likelihood of visiting locations that
have these characteristics in common, and instigating a checkin.
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5.5.2 Strength of connection
We also hypothesised that connection strength could have an effect on overall person-
ality similarity, taking into account all factors simultaneously. However, there was no
significant difference between either weakly, moderately or strongly connected users,
suggesting that the existence of a connection, rather than its strength, had an effect
on personality similarity in the specific context of a location-based social network. In
other words, even if users had only visited one common venue, they were already more
likely to be similar in terms of personality, compared to users who had never been to
the same venue. However, there was no difference in overall personality differences
between co-located users and users who had never been to the same venues. This was
assessed using the sum of absolute differences (SAD) applied to the raw score on the
five factor personality profiles.
5.5.3 Future research
Results for all hypotheses, including those that are unsupported in the current study,
present interesting avenues for future research. While we identified which personal-
ity facets might play a role in spatial homophily, we can only speculate on the ways
these facets contribute to the observed homophily effect. For example, open individu-
als could be attracted to venues because they are popular or new, while introverts are
attracted to quiet places. Open individuals might also value different characteristics
than introverts. Atmosphere might be an important characteristic for them, while in-
troverts value the location of the venue more, for example. Future research will have to
determine whether personality indeed predicts a preference for distinct characteristics
of visited venues, and identify what these characteristics precisely are.
These findings reflects the indirect nature of spatial homophily where the attraction
between participants is a function of location and checkins. Personality seems to in-
fluence spatial and non-spatial homophily differently. Both for social (e.g., friend-
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ship [138] or communication [12]) and spatial contexts, openness to experience appears
to have a positive impact on homophily. Similarly, neuroticism appears to negatively
affect homophily in both spatial and social contexts [12]. However, while Extraversion
is homophilous in social contexts [138, 12], it does not appear to have any particular
effect on spatial homophily. On the other hand, conscientiousness appears to play a
role in spatial homophily, but not in social homophily. Finally, Agreeableness, which
appears to be homophilous among friends [138] but not among online communication
partners [12], did not have a significant influence on spatial homophily, as predicted.
However, an interesting trend emerged with disagreeable people, who seemed to assort
at common locations, while nothing in the literature seems to indicate that disagree-
able people associate in social settings [12, 138]. Future research can address current
shortcomings in the explanations given for the observed spatial homophily effect and
what characteristics in the studied venues drive this effect.
5.5.4 Limitations
A limitation of this particular analysis is that it is much harder to capture similarity as
the number of dimensions increases, and the five personality facets are only weakly
correlated, making it less likely to find an effect based on their aggregated scores.
A further potential issue of using SAD to measure overall personality is the loss of
information. Measuring personality scores of users results in loss of information as
they are the average of the aggregate scores from the 44 questionnaire items.
It could of course be argued that these findings, in particularly for disagreeableness,
may occur as a consequence of the underlying LBSN database which could skew the
availability of pre-existing checkin opportunities around particular locations. We feel
this is unlikely given the extent of coverage of Foursquare in the developed world, and
the user-generated phenomenon of venue creation leads to multiple checkins some-
times representing the same location, which diminishes the detection of spatial homo-
phily. A further consideration is that users refrain from making checkins, resulting in
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a loss of information and skewed results. The nodes in the graph-based representation
of spatial homophily might therefore appear more clustered than they actually are, and
clustering in G1 is indeed high with a mean of .72. However, this is in line with the
small world effect often found in networks with a limited amount of nodes [113]. There
is also a notable absence of hubs in our graph-based representation of spatial homo-
phily, which the small world effect also predicts [113]. Degree decreases significantly
as commonality increases, while clustering stays relatively constant. A possible ex-
planation is that increased commonality reduces the number of connected individuals
in the homophily network, but does not drastically alter the interconnectedness of those
same individuals.
It is important to understand the constraints that are inherent in the study, as compared
to lab-based experimentation. The open participatory nature of this survey means that
conventional controls are relaxed with a view to obtaining data that cannot be con-
veniently accessed by any other means. Selection by this mechanism is a necessary
compromise that allows us to gain new insights, but these need to be interpreted with
caution. To comply with data collection through the third party API, we have been
unable to request personal details when collecting user data. However, the broad char-
acteristics of Foursquare usage is consistent with early adopters of technology, who
are motivated by new forms of knowledge sharing (e.g., [76]). As discussed in [25],
this means that robust generalisation cannot be made to a wider population, but new
insights are provided within a restricted context. As such, it is noted that Foursquare
users are not necessarily representative of the general population. In Section 5.4.2
personality results from the collected data are compared with those of a general Inter-
net population [142]. Results show that subject to particular assumptions, Foursquare
users in this study were significantly lower on their Conscientiousness, Agreeableness
and Neuroticism, but with a small effect size.
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5.6 Conclusion
Valuable insights have been gained into the co-location patterns of people with similar
personalities. The most important findings are highlighted.
Our findings further consolidate the importance of individual differences in homo-
philic processes of social networks. We have extended the findings from chapter 4,
which looked at geographic distance from a very global view, to a much more granular
view: the individual venues we frequent every day. This chapter has demonstrated that
homophily also acts at "street-level", with people with similar personalities assorting
at common locations.
Considering the results overall, Openness and Conscientiousness persist as the most
dominant personality traits that are present in spatial homophily, which is consist-
ent with the role that LBSNs fulfil. Assortativity effects for disagreeableness are an
interesting insight into possibly more selective individual decision-making that may
result from critical assessment of locations. Homophilous effects were also found
for Agreeableness and Neuroticism, but not for Extraversion. It is important to con-
sider these findings in the context of LBSNs, which differ from other social media
platforms in terms of their location rather than social-driven purpose.
From this investigation, we consider that there is a basis for spatial homophily as a con-
sequence of personality, and through checkins, LBSNs provide a new form of data for
its assessment. Unanticipated results for disagreeableness are of particular interest and
signal possible effects concerning decision-making and location. This indicates that
different venue types and distinctive characteristics may be attractors for people with
particular selective tendencies. Brand associations and the local extent of alternative
choice could well be influential factors in driving personality-based spatial homophily.
This represents a significant new research direction that requires considerable devel-
opment and to further uncover human behaviour crossing physical, psychological and
technological boundaries. The results serve to reaffirm the value and power of new
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forms of data obtained from mobile and social technology. In particular, the nature of
spatial homophily differs considerably from homophily that captures direct attraction.
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Chapter 6
Discussion and Conclusion
Through recent technologies that support online interactions, we are now able to un-
derstand the role of personality in online social networks like never before. This gives
insight into how these networks are structured and how differences at the individual
level drive their organisation, with particular reference to similarity and attraction, and
spatial considerations. We explored how spatial elements of social networks, such as
geographic distance or co-location, shape the social connections within them.
In chapter 3, we explored the relationship between people’s similarity in personality
and their likelihood to be connected in an online social network through direct friend-
ship links on Facebook. In Chapter 4, geographic distance was explored at a high level
in Facebook, which is primarily a social network, but which has started adopting the
use of location-sharing as one of its many features. This investigation was taken a
step further in Chapter 5, where the focus was on Foursquare, a LBSN, whose primary
function is to share locations with friends. In this chapter, we explore the relation-
ship between spatial and personality components through co-location at the venues
people frequent. We have shown that distance, at both the global (Chapter 4) and local
(Chapter 5) level play an important role for personality homophily.
In this chapter, the main findings from the thesis (Section 6.1) are summarised and
their implications discussed. In section 6.2, we review: the differences that have been
found between the five personality facets (Section 6.2.1); potential alternatives to the
personality measures used in this thesis (Section 6.2.2); the relative advantages and dis-
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advantages of using continuous and categorical measures of personality in this study
(Section 6.2.3); These represent important factors that have emerged through this re-
search. As with other personality studies, small effect sizes are typically seen for most
findings, and we discuss their context and implications (Section 6.2.4). The gener-
alizability of the results based on the samples used in this thesis is also considered
(Section 6.2.5). We highlight the applications and impact of the research carried out
for this thesis in Section 6.3. Finally, in Section 6.4 we draw our overall conclusions,
which extend to application of the current findings and their possible impact on society.
6.1 Summary of Results
The key finding of this thesis is that users of online social media platforms have a
tendency to assort according to their personality. Overall, the strongest homophily
effects found in this thesis were for Openness to Experience and Conscientiousness,
followed by Extraversion and Agreebleness, and finally, Neuroticism. The same per-
sonality facets that are homophilous in a social context (Facebook), were also found to
be homophilous in a spatial context (Foursquare).
6.1.1 Personality homophily in Facebook (Chapter 3)
This chapter showed that people primarily derive meaningful commonality from
Openness to Experience, Agreeableness and Conscientiousness. There was also
some evidence for Agreeableness being a homophilous trait, but only in analyses that
compared triads, rather than pairs. There was no effect for Neuroticism, suggesting
that people do not value similarity on this trait in their friendships. For Extraversion
specifically, we find no relation to strength of connection (number of mutual friends)
between users (Chapter 3). This could be related to the tendency of extraverts to have
more numerous, but also more superficial relationships with people. Strength of con-
nection might not be as valued by extraverts; as a result, two users do not necessarily
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need to be strongly connected for a homophily effect for Extraversion to be evident.
Also of interest is the finding that overall similarity in personality, taking into account
all five facets together, did not yield any significant results. It appears that users form
friendships based on similarity in personality, but only for specific facets: Openness to
Experience, Conscientiousness, and Agreeableness.
6.1.2 Personality homophily and geographic distance (Chapter 4)
We next explored the relationship between personality homophily and geographic dis-
tance in the same Facebook sample. Results suggest that maintaining long distance
relationships requires more effort (pairs of mutually open or mutually conscientious
users lived further apart than pairs of mutually not-open or mutually un-conscientious
respectively). On the other hand, people inclined towards face-to-face interactions
are more likely to live in close proximity to their friends (pairs of extraverted users
lived closer together than pairs of introverted users). There were no clear effects for
Neuroticism or Agreeableness. Differences in personalities might account for these
effects. Not-open people might be more likely to stay in familiar places, while open
individuals might travel more and be more inclined to move away from home. Extra-
verts like being able to make plans with friends, while introverts do not need the same
level of face-to-face interaction to maintain friendships. Conscientious people might
be more organised in keeping in touch with distant others.
6.1.3 Personality Homophily and local co-location (Chapter 5)
At a more local level of geographic distance (co-location at the same venue), we find
that the same facets identified in the Facebook sample are also homophilous in
the Foursquare sample. Open, conscientious, introverted, and agreeable users were
most likely to be found at venues with patrons that shared their personality traits. On
the other hand, neurotic and not-open users almost seemed to avoid venues with sim-
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ilar others, indicating they might be disassortative. Also of interest is the fact that
strength of connection influenced these results. For example, the homophily effect
for agreeableness disappeared when only taking into account pairs that were strongly
co-located. Interestingly, disagreeable pairs became homophilous when they had a lot
of venues in common. Together, the findings seem to be in line with the literature as
homophily effects are expected for Openness to Experience, Extraversion, and Agree-
ableness. Conscientiousness is correlated with Foursquare use, so effects for this facet
tie in nicely with the more LBSN-oriented literature [26].
6.2 Discussion and Future Work
In the following sections, we discuss the limitations and methodological choices made
in this thesis and provide avenues for future research that can build upon the foundation
laid out in this thesis.
6.2.1 Consistency with the literature
This thesis found a small number of differences in the importance of facets compared
to previous work. Firstly, the findings for Conscientiousness are surprising, as this
facet did not previously emerge as homophilous. Social media platforms can be very
specialised, which might highlight different personality facets. For example, Facebook
is very focused on social interactions with friends and families, while Foursquare is
very location-focused. Personality facets that are homophilous in these contexts might
be slightly different from the ones in offline networks [138] or discussion boards [12].
On the other hand, the finding that Openness to Experience is consistently homophil-
ous is in line with previous work [138, 12]. Extraversion and Agreeableness were also
identified as facets likely to be homophilous alongside Openness to Experience. How-
ever, results for these two facets were not as consistent in this thesis as for Openness
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to Experience. Future work on different contexts for personality homophily could give
valuable insights into how different facets might be expressed differently in varying
contexts.
Finally, very little evidence of homophily was found for Neuroticism, which is in line
with the literature. It seems that Neuroticism even had disassortative effects among
Foursquare users: people who were neurotic were less likely to frequent the same
locations as similar others (Chapter 5). Neurotic individuals have trouble building
social relationships in general because of their anxiety and proneness to worry. This
might explain the lack of homophily on this facet, as two neurotic users might be
reinforcing each other and break their relationship more easily, resulting in no evidence
of a connection in Facebook or Foursquare. This is consistent with previous literature
who found that neurotic users were disassortative in an online communication network
[12].
High and Low Scorers
Another consideration that needs to be addressed in this regard is that of high scorers
and low scorers. It might not be enough to consider whether two users are similar on
a specific facet, but also how their actual score might influence personality homophily
dynamics. For example, a pair of introverted users might act very differently from a
pair of extraverted userst.
In Chapter 3, we find that high scorers tend to be homophilous while low scorers are not
for some facets, but the opposite for other facets. For geographic distance (Chapter 4),
we also find differences depending on whether people are low or high scorers. In fact,
we find more significant results between similar low-scoring pairs and similar high-
scoring pairs, than between similar and mixed pairs. In Chapter 5, mixed pairs were as
prevalent as expected by chance levels. Only mixed pairs on conscientiousness were
significantly less prevalent than expected. This weakens the conclusion for personality
homophily across all facets, except Conscientiousness in Chapter 5.
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In other words, while we find some personality homophily effects, especially in the
Facebook network, it might interesting to focus on the differences uncovered between
low-scoring users (not-open, introverted, disagreeable, neurotic, unconscientious) and
high-scoring users (open, extraverted, agreeable, emotionally stable, conscientious)
and their dynamics with each other.
Overall Personality Profile
Overall, it seems that individual facets drive homophily, rather than similarity on the
overall personality profile. Of course, each user has a full personality profile, which
could interfere with looking at each facet separately. Two users could have the same
score on Extraversion, but be opposites on all other facets. Would these two users be
more likely to be connected than two users who score the same on each facet? This
does not appear the case, both in the Facebook dataset (Chapter 3) and the Foursquare
dataset (Chapter 5). However, both chapters had an all-or-nothing approach, with either
considering each facet separately or all of them together. It would have been prefer-
able to compare pairs on two, three, or four facets. However, this would have yielded
a significant amount of comparisons to carry out because of the number of possible
combinations. In total, 100 comparisons would have been made, if all possible com-
binations were to be taken into account (45 combinations for two facets, 45 for three
facets, 10 for four facets). An alternative, of course, would be to compare pairs based
on the number of common facet pairs, instead of looking at each combination sep-
arately. This would require a much lighter analysis. Future work could investigate
whether having more than one facet in common contributes to stronger, or more likely,
connections between people.
164
6.2.2 Personality measures used
The analyses carried out in this thesis are based on self-reported survey-based person-
ality measures from the Five Factor model of personality. With personality surveys, a
balance must be struck between boredom, which is a problem for longer scales, and
accuracy, which is a problem for shorter scales . The 44-item BFI seems to be a good
length to guarantee accuracy and engagement from the person completing the survey.
Using a mix of measures for personality might be detrimental to the personality com-
parisons being carried out, as different surveys might yield different results. However,
some diversity in personality measurement might be a positive thing. All IPIP based
scales should yield very similar results and are constructed so that they reach sim-
ilar conclusions regardless of the actual items used [59]. Diversity might also give us
confidence in the interpretation of the results. Personality homophily has been found
in both the mixed scale sample (Facebook) and the BFI sample (Foursquare), show-
ing that regardless of the measurement used, homophily was found. This consistency
shows that homophily is pervasive across different contexts and ways of measuring
personality.
A criticism of survey-based personality questionnaires is that people’s attitudes do not
always translate to their behavior. We acknowledge that behavioral measures of person-
ality are lacking in this thesis. However, some behavioral measures of personality are
actually captured and confounded by other measures, such as network size or mobility.
For example, the size of a person’s network could be used as a behavioral expression
of how extraverted a person is. In Chapter 3, we replicate the well-known correla-
tion between Extraversion and number of friends. However, as number of friends was
a measure of interest, we could not have used it as a proxy for Extraversion in this
case. Different behavioral measures would have needed to be combined to build a
good model of each personality facet, which was not the focus on the current thesis,
but would be extremely valuable as future work.
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Getting accurate personality measures constitutes a non-trivial task. It would have
been valuable to supplement self-reported measures with measures from close friends
or family. People might, even unconsciously, portray themselves as closer to their ideal
selves than they actually are. Friends and family might also be biased, however. People
tend to inject their own personality when rating others, a phenomenon called the self-
based heuristic. This is especially prevalent for traits that are difficult to rate [125].
On the other hand, more independent observers might not have enough knowledge of
the person to make an accurate judgement. It must also be noted that anonymity is
an important aspect of social media-based studies, and asking friends for personality-
ratings would have complicated the collection of data from Facebook and from the
Foursquare application.
From a more philosophical perspective, we are the only ones who can truly know
ourselves. We are the only ones who actually know what we think and how we behave
at any moment in our lives. There are always parts of our personality which are hidden
from external observers, either because they are not relevant, or because they are vol-
untarily concealed. With this consideration in mind, self-reported personality might be
the closest we can get to one’s true personality, despite the inherent biases. Survey-
based personality measures are still widely used in the personality literature. We think
they work as an acceptable proxy for a person’s personality, although we acknowledge
that other measures could have been used to supplement the self-reported ones.
6.2.3 Terciles and continuous scores
Throughout the thesis, we have used a mix of categorical and continuous measures to
qualify the personality of users. The tercile approach was usually preferred, and con-
sisted of dividing people into low, middle, and high scorers on each facet. Typically,
only low and high scorers were then considered for the analyses, as this allowed us
to compare meaningful personality types such as introverts and extraverts. The literat-
ure often focuses on extremes [130, 4, 12] making comparisons with existing findings
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easier. Research has also found stronger effect sizes when considering low and high
scorers rather than continuous scores [8], which might especially valuable for studies
in which small effects are to be expected. The downside of categorization is that it
can lead to loss of information which can lead to wrongful conclusions. On the other
hand, categorization can allow us to make more clear-cut comparisons between scores
which are particularly interesting because they fall on each extreme of the scale (low
and high scorers). Additionally, categorization can be beneficial in statistical analyses
whose effect sizes are known to be small.
Continuous measures have also been used in this thesis, to supplement the categorical
ones, such as the variance in personality within a triad in Chapter 3 or SAD scores (sum
of absolute differences) in Chapter 5. Continuous and categorical results often lead to
similar conclusions. In Chapter 3, results with continuous scores (variance among tri-
angles) actually lead to significant results for more facets than with categorical meas-
ures (comparing the prevalence of same pairs compared to mixed pairs). This shows
the importance to consider both continuous and categorical measures for personality-
based research.
6.2.4 Effect Sizes
Most effect sizes reported throughout the chapters are small. This is consistent with
personality studies in which small effect sizes are common [4, 130]. This does not
imply that the results are meaningless. It simply means that the personality homophily
effects in the samples used are not strong. However, they are of high value because
they are relatively consistent. Throughout the thesis, we find support for personality
homophily for all five facets, except Neuroticism. This is across a range of very differ-
ent samples (Facebook users and Foursquare users) and contexts. We consider global
geographic distance, as well as local co-location, and in each context, we find signific-
ant effects regarding personality. Studies with large sample sizes do not need to rely on
strong effect sizes to find meaningful effects in the data [105]. Consistency, rather than
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strength of effect is what makes these findings interesting and worthwhile investigating
further.
The problem with small effect sizes is that they often need large sample sizes to be
detected [105]. This is not a problem in our samples, as the data collection on online
social media allowed us to reach an acceptable number of participants. This might
also be the reason why personality homophily is a a relatively recently studied phe-
nomenon, as large-scale personality collection was not possible before the advent of
the internet and mobile computing. The need for a large sample size might hinder rep-
lication studies, especially offline ones, for whom large samples are difficult to obtain.
Nonetheless, with the advent of Big Data and the possibility to collect large amounts
of data, obtaining large samples will likely be a problem of the past.
Alpha-level and p-value corrections
The problem of multiple comparisons and the increased chance of Type I errors has to
be addressed in this thesis. In other words, the more statistical tests carried out, the
more likely it is to find spurious significant effects. To correct for this bias, we have
used Bonferroni corrections in Chapters 3, 4, and 5. In Chapter 4, we additionally
considered FDR-corrected p-values with the Benjamini-Hochberg procedure. While
Bonferroni corrections are applied before the tests are being carried out and change
the alpha-level, FDR p-value corrections are carried out afterwards and modify the
p-values instead. The problem with Bonferroni corrections is that they might be too
conservative and not reject null hypotheses when they should. FDR corrections are
more lenient, on the other hand. It must be noted that at the number of tests carried
out in each Chapter, both approaches would lead to similar results, as differences only
start to emerge at an excessive number of comparisons (100 tests and more). For ex-
ample, in Chapter 4, FDR-corrected p-values made one result significant (see Table
4.7), which would have been considered not significant with the Bonferroni-approach.
Whether a conservative approach or a more lenient approach is preferred is debat-
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able. More lenient corrections might be especially interesting in exploratory research,
while a more conservative approach might be preferable for one-tailed hypotheses.
It must also be considered that a more conservative approach might be preferable to
make conclusions stronger despite expected small effect sizes. Most hypotheses in this
thesis are one-tailed, so we think that Bonferroni corrections were appropriate. The
Bonferroni-approach also helps set an alpha-level from the start whose interpretation
is unequivocal. With the Benjamini-Hochberg procedure, interpretations can change
after all results are in, as the correction relies on the distribution of all p-values.
In short, while FDR corrections are very valuable, we think that a more conservat-
ive approach using Bonferroni corrections was more appropriate in this case. We en-
courage future work to look into personality homophily in different contexts (online,
offline, different platforms) and through different methods of observation (survey, ob-
servation, experimental), and analyses (continuous or categorical measures, different
tests and corrections) to see which effects survive and remain consistent across differ-
ent contexts, methodologies, and analyses.
6.2.5 Generalizability of results
It is important to consider that the samples were collected from a very specific slice
of the population, and are online-based rather than from a more traditional offline ap-
proach.
The advantages of online-based social networks is that they allow for the collection
of organic and non-invasive connections between people, with their explicit consent.
Collection of offline network connections typically require participants to write down
manually all the people they can think of as being close to them. Following Dunbar’s
network model, researchers might only collect the most inner layers of the network
to facilitate data collection. This approach often neglects the outer layers, which can
be very important in certain aspects of life [63]. People can also forget who they are
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connected to on Facebook, but the digital trace of that connection enables researchers
to rely on that rather than people’s memories. An alternative offline method which
also circumvents memory problems are observational measures where people are be-
ing seen interacting with each other. The edges of such a network can be weighted
with the frequency and length of observed interactions to qualify the edge in terms of
connection strength. However, such an approach is often carried out in very specific
contexts, such as play-interactions between school children of the same class. These
settings are self-contained in both people (the pupils in the class) and location (the
playground), making such observations possible. Observational work using adults in
real-life situations would be close to impossible. Observational networks also do not
allow for us to qualify the type of relationships between people. Two classmates might
interact frequently, but their interactions might be antagonistic, rather than friendly. A
connection will be present in the observational network, which would be absent in the
survey-based one or a Facebook-based one.
The downside of online connections is that they do not come with a measure of emo-
tional closeness, which is often the case for survey-based offline network studies. This
means that in the Facebook network, a connection between two people in a couple will
be seen as the same as two people who once went to high school together but have not
interacted since graduation. Gaps in the network will also be frequent, as people who
are not on Facebook or Foursquare cannot be captured. This is one of the main reas-
ons Chapter 3 and 4 with the Facebook sample have focused on triadic and pairwise
interactions, rather than on the reconstruction of a complete social network which was
bound to have many gaps. For the Foursquare network, a reconstruction was possible,
as connections were based on co-location rather than electronic friendship ties.
Network data is bound to be error-prone, by capturing links that do not really exist or
missing ones that do. A recent paper by Newman discusses the implications of noisy
network data and proposes ways of combatting errors that arise from data collection
[117]. Especially non-connections are interesting in this respect. The way the Face-
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book sample was collected, it was not possible to tell whether a non-existent connection
was due to two people never being in touch in the first place, or because two people
wilfully unfriended each other. Both scenarios have very different consequences for
the interpretation of the results presented in this thesis. The absence of a connection,
as opposed to an unfriending action, also does not clarify whether two people never
had the chance to meet (absence of induced homophily), or whether two people met
and decided that they would not befriend each other on facebook, because of personal
differences. One proposition is to collect data at different points in time and check
which links in the network remain consistent. We have somewhat used this approach
in Chapter 5 by constructing different graphs with an increasing number of co-locations
necessary to make an edge (1 for G1, 2 for G2, and 6 for G6). Errors might be espe-
cially prevalent inG1, as the application might have recorded an erroneous co-location.
However, with 2 co-locations registered, errors are already less likely. With 6 locations
in common, it is actually very likely that two people were co-located at some point, as
an erroneous co-location for 6 different venues is starting to get extremely unlikely.
More care could have been given to the Facebook network in this respect, however,
we have focused on pairwise connections and triads for this reason. Facebook friend-
ships are unlikely to be erroneous as they take two people (one requesting, the other
accepting) to be made. Of course, the question of emotional closeness between these
two people arises. We tried to model this with the number of shared friends between
people, as people are likely to meet their friends’ friends and become friends in turn
[75]. However, this does not fully capture people’s real closeness to each other and
future work would have to focus on the emotional closeness aspect of Facebook friend-
ships in regards to personality homophily.
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6.3 Research Impact
6.3.1 Novelty
This thesis builds on previous work carried out on personality homophily [137, 12].
Work that focuses on personality homophily remains sparse in the literature, with most
insights regarding personality in online spaces gained from work surrounding the im-
pact of personality on social media use. This thesis aims to fill this gap by having
conducted an extensive investigation of personality homophily in both a social context
through Facebook, and a spatial one, through Foursquare.
Distance and how much it truly matters for online interactions has been studied before
[133]. The geographic idiosyncrasies associated with personality have also been the
subject of in-depth studies at different levels of granularity [3, 62, 79, 126]. However,
this thesis is the first to consider spatial elements of connections built on personality
homophily specifically. We do this by taking into consideration geographic distance
between users connected on the basis of personality homophily. We also consider co-
location and how it might drive personality homophily, which has not been studied
before.
In this thesis we have focused on pairwise connections and triads as meaningful com-
ponents of the network. The study of recurring patterns in networks is an exciting and
ever-evolving field of study, which places emphasis on the local, rather than the global
characteristics of a network.
6.3.2 Applications
The importance of homophily is ubiquitous across recommendation systems. Over the
course of the thesis, we have shown that homophily is not equally strong for all five
facets. It is therefore important to consider facets separately rather as a whole when
using personality for a recommendation system.
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In Chapter 5 we have shown that people with similar personality traits are likely to
frequent the same venues. Recommendation systems for location-based entertainment
such as museums, restaurants, and so on could benefit from matching potential patrons
to venues based on their personality. Future work would need to investigate what
aspects of venue selection are driven by personality to make these recommendations
systems truly effective.
We speculated that disagreeable people tend to frequent the same venues because they
have high expectations regarding service and quality. Introverted people might be at-
tracted to quiet locations which suit their personality. It is possible that no clear effect
was found for extraverts because they feel at ease in a range of different venues. Open
individuals might be attracted to diverse or unique locations. However, these remain
speculations as future work will have to determine whether this is indeed the case.
Some work has been carried out on the relationship between personality of patrons and
the venues they visited, but these only dealt with the perception of patrons’ personality
matching the venues’ ambiance, rather than the actual personality of the patrons [62].
Based on the findings in Chapter 5, a more in-depth investigation of venue types and
their links to personality could be an interesting avenue for new research.
Beyond recommendation systems, we have gained insights into relationship forma-
tions and the importance of homophily in online social networks. The understanding
that not all personality facets are equal in their impact is crucial. This is especially
true for the Conscientiousness facet. Conscientiousness is traditionally understudied
as an influential factor in social media, because it is well known that users high in con-
scientiousness avoid the distractions that come from social media platforms [130]. Of
particular interest is the behaviour of conscientious people who still partake in social
media, but might have a more healthy relationship with it compared to a neurotic user
for example.
We also highlight the value of distinguishing people according to their personality
scores into extraverts and introverts, or open and not-open. People tend to identify as
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either an introvert or an extravert, but rarely know their exact personality score. This
facilitates interpretation as people are given understandable personality qualities rather
than an abstract survey score.
6.3.3 Impact on Society
Personality is an ubiquitous part of everyone’s lives, as are social connections. Un-
derstanding how they influence one another can help us understand when relationships
fall apart, or on the contrary, when they are successful. Personality disorders can have
devastating effects on those who suffer from them and the people around them [28].
People who suffer from personality disorders often end up on the fringes of their so-
cial networks, with little support from others. This becomes a vicious cycle where the
disadvantageous network position enhances the expression of the personality disorder.
While personality is mostly static, improving one’s social network position can have
a beneficial effect on the way we express our personality and its consequences. Ho-
mophily is the glue that holds social networks together, and associating with others we
are compatible with can have beneficial consequences for our well-being and social
network.
6.4 Final Conclusion
This thesis provides evidence, within the assumptions and limitations previously stated,
that there is a small but significant relationship between personality and the structure
of our online interactions, not only socially, but also spatially. We have shown that per-
sonality homophily is evident in a Facebook network, with geographic distance playing
a role for some of the facets. We have also shown that at a more local geographic level,
clear homophily effects emerge for some of the personality facets, but not all. Taken to-
gether, these findings demonstrate that our online social networks are highly structured
and reflect inherent characteristics of human nature.
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Copyright c© 2000, 2001, 2002 Free Software Foundation, Inc.
59 Temple Place, Suite 330, Boston, MA 02111-1307 USA
Everyone is permitted to copy and distribute verbatim copies of this license document,
but changing it is not allowed.
0. Preamble
The purpose of this License is to make a manual, textbook, or other functional and use-
ful document free in the sense of freedom: to assure everyone the effective freedom
to copy and redistribute it, with or without modifying it, either commercially or non-
commercially. Secondarily, this License preserves for the author and publisher a way
to get credit for their work, while not being considered responsible for modifications
made by others.
This License is a kind of “copyleft”, which means that derivative works of the docu-
ment must themselves be free in the same sense. It complements the GNU General
Public License, which is a copyleft license designed for free software.
We have designed this License in order to use it for manuals for free software, because
free software needs free documentation: a free program should come with manuals
providing the same freedoms that the software does. But this License is not limited to
software manuals; it can be used for any textual work, regardless of subject matter or
whether it is published as a printed book. We recommend this License principally for
works whose purpose is instruction or reference.
1. Applicability and Definitions
This License applies to any manual or other work, in any medium, that contains a
notice placed by the copyright holder saying it can be distributed under the terms of
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this License. Such a notice grants a world-wide, royalty-free license, unlimited in
duration, to use that work under the conditions stated herein. The “Document”, below,
refers to any such manual or work. Any member of the public is a licensee, and is
addressed as “you”. You accept the license if you copy, modify or distribute the work
in a way requiring permission under copyright law.
A “Modified Version” of the Document means any work containing the Document or
a portion of it, either copied verbatim, or with modifications and/or translated into
another language.
A “Secondary Section” is a named appendix or a front-matter section of the Document
that deals exclusively with the relationship of the publishers or authors of the Document
to the Document’s overall subject (or to related matters) and contains nothing that could
fall directly within that overall subject. (Thus, if the Document is in part a textbook of
mathematics, a Secondary Section may not explain any mathematics.) The relationship
could be a matter of historical connection with the subject or with related matters, or
of legal, commercial, philosophical, ethical or political position regarding them.
The “Invariant Sections” are certain Secondary Sections whose titles are designated, as
being those of Invariant Sections, in the notice that says that the Document is released
under this License. If a section does not fit the above definition of Secondary then it is
not allowed to be designated as Invariant. The Document may contain zero Invariant
Sections. If the Document does not identify any Invariant Sections then there are none.
The “Cover Texts” are certain short passages of text that are listed, as Front-Cover
Texts or Back-Cover Texts, in the notice that says that the Document is released under
this License. A Front-Cover Text may be at most 5 words, and a Back-Cover Text may
be at most 25 words.
A “Transparent” copy of the Document means a machine-readable copy, represented in
a format whose specification is available to the general public, that is suitable for revis-
ing the document straightforwardly with generic text editors or (for images composed
of pixels) generic paint programs or (for drawings) some widely available drawing ed-
itor, and that is suitable for input to text formatters or for automatic translation to a
variety of formats suitable for input to text formatters. A copy made in an otherwise
Transparent file format whose markup, or absence of markup, has been arranged to
thwart or discourage subsequent modification by readers is not Transparent. An image
format is not Transparent if used for any substantial amount of text. A copy that is not
“Transparent” is called “Opaque”.
Examples of suitable formats for Transparent copies include plain ASCII without markup,
Texinfo input format, LATEX input format, SGML or XML using a publicly available
DTD, and standard-conforming simple HTML, PostScript or PDF designed for human
modification. Examples of transparent image formats include PNG, XCF and JPG.
Opaque formats include proprietary formats that can be read and edited only by pro-
prietary word processors, SGML or XML for which the DTD and/or processing tools
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are not generally available, and the machine-generated HTML, PostScript or PDF pro-
duced by some word processors for output purposes only.
The “Title Page” means, for a printed book, the title page itself, plus such following
pages as are needed to hold, legibly, the material this License requires to appear in the
title page. For works in formats which do not have any title page as such, “Title Page”
means the text near the most prominent appearance of the work’s title, preceding the
beginning of the body of the text.
A section “Entitled XYZ” means a named subunit of the Document whose title either
is precisely XYZ or contains XYZ in parentheses following text that translates XYZ in
another language. (Here XYZ stands for a specific section name mentioned below, such
as “Acknowledgements”, “Dedications”, “Endorsements”, or “History”.) To “Preserve
the Title” of such a section when you modify the Document means that it remains a
section “Entitled XYZ” according to this definition.
The Document may include Warranty Disclaimers next to the notice which states that
this License applies to the Document. These Warranty Disclaimers are considered to
be included by reference in this License, but only as regards disclaiming warranties:
any other implication that these Warranty Disclaimers may have is void and has no
effect on the meaning of this License.
2. Verbatim Copying
You may copy and distribute the Document in any medium, either commercially or
noncommercially, provided that this License, the copyright notices, and the license
notice saying this License applies to the Document are reproduced in all copies, and
that you add no other conditions whatsoever to those of this License. You may not
use technical measures to obstruct or control the reading or further copying of the
copies you make or distribute. However, you may accept compensation in exchange
for copies. If you distribute a large enough number of copies you must also follow the
conditions in section 3.
You may also lend copies, under the same conditions stated above, and you may pub-
licly display copies.
3. Copying in Quantity
If you publish printed copies (or copies in media that commonly have printed covers) of
the Document, numbering more than 100, and the Document’s license notice requires
Cover Texts, you must enclose the copies in covers that carry, clearly and legibly, all
these Cover Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the
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back cover. Both covers must also clearly and legibly identify you as the publisher
of these copies. The front cover must present the full title with all words of the title
equally prominent and visible. You may add other material on the covers in addition.
Copying with changes limited to the covers, as long as they preserve the title of the
Document and satisfy these conditions, can be treated as verbatim copying in other
respects.
If the required texts for either cover are too voluminous to fit legibly, you should put
the first ones listed (as many as fit reasonably) on the actual cover, and continue the
rest onto adjacent pages.
If you publish or distribute Opaque copies of the Document numbering more than 100,
you must either include a machine-readable Transparent copy along with each Opaque
copy, or state in or with each Opaque copy a computer-network location from which the
general network-using public has access to download using public-standard network
protocols a complete Transparent copy of the Document, free of added material. If
you use the latter option, you must take reasonably prudent steps, when you begin
distribution of Opaque copies in quantity, to ensure that this Transparent copy will
remain thus accessible at the stated location until at least one year after the last time
you distribute an Opaque copy (directly or through your agents or retailers) of that
edition to the public.
It is requested, but not required, that you contact the authors of the Document well
before redistributing any large number of copies, to give them a chance to provide you
with an updated version of the Document.
4. Modifications
you may copy and distribute a Modified Version of the Document under the conditions
of sections 2 and 3 above, provided that you release the Modified Version under pre-
cisely this License, with the Modified Version filling the role of the Document, thus
licensing distribution and modification of the Modified Version to whoever possesses
a copy of it. In addition, you must do these things in the Modified Version:
A. Use in the Title Page (and on the covers, if any) a title distinct from that of the
Document, and from those of previous versions (which should, if there were any,
be listed in the History section of the Document). You may use the same title as
a previous version if the original publisher of that version gives permission.
B. List on the Title Page, as authors, one or more persons or entities responsible for
authorship of the modifications in the Modified Version, together with at least
five of the principal authors of the Document (all of its principal authors, if it has
fewer than five), unless they release you from this requirement.
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C. State on the Title page the name of the publisher of the Modified Version, as the
publisher.
D. Preserve all the copyright notices of the Document.
E. Add an appropriate copyright notice for your modifications adjacent to the other
copyright notices.
F. Include, immediately after the copyright notices, a license notice giving the pub-
lic permission to use the Modified Version under the terms of this License, in the
form shown in the Addendum below.
G. Preserve in that license notice the full lists of Invariant Sections and required
Cover Texts given in the Document’s license notice.
H. Include an unaltered copy of this License.
I. Preserve the section Entitled “History”, Preserve its Title, and add to it an item
stating at least the title, year, new authors, and publisher of the Modified Version
as given on the Title Page. If there is no section Entitled “History” in the Doc-
ument, create one stating the title, year, authors, and publisher of the Document
as given on its Title Page, then add an item describing the Modified Version as
stated in the previous sentence.
J. Preserve the network location, if any, given in the Document for public access to
a Transparent copy of the Document, and likewise the network locations given
in the Document for previous versions it was based on. These may be placed in
the “History” section. You may omit a network location for a work that was pub-
lished at least four years before the Document itself, or if the original publisher
of the version it refers to gives permission.
K. For any section Entitled “Acknowledgements” or “Dedications”, Preserve the
Title of the section, and preserve in the section all the substance and tone of each
of the contributor acknowledgements and/or dedications given therein.
L. Preserve all the Invariant Sections of the Document, unaltered in their text and
in their titles. Section numbers or the equivalent are not considered part of the
section titles.
M. Delete any section Entitled “Endorsements”. Such a section may not be included
in the Modified Version.
N. Do not retitle any existing section to be Entitled “Endorsements” or to conflict
in title with any Invariant Section.
O. Preserve any Warranty Disclaimers.
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If the Modified Version includes new front-matter sections or appendices that qualify
as Secondary Sections and contain no material copied from the Document, you may at
your option designate some or all of these sections as invariant. To do this, add their
titles to the list of Invariant Sections in the Modified Version’s license notice. These
titles must be distinct from any other section titles.
You may add a section Entitled “Endorsements”, provided it contains nothing but en-
dorsements of your Modified Version by various parties — for example, statements of
peer review or that the text has been approved by an organization as the authoritative
definition of a standard.
You may add a passage of up to five words as a Front-Cover Text, and a passage of up
to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in the Modified
Version. Only one passage of Front-Cover Text and one of Back-Cover Text may be
added by (or through arrangements made by) any one entity. If the Document already
includes a cover text for the same cover, previously added by you or by arrangement
made by the same entity you are acting on behalf of, you may not add another; but you
may replace the old one, on explicit permission from the previous publisher that added
the old one.
The author(s) and publisher(s) of the Document do not by this License give permission
to use their names for publicity for or to assert or imply endorsement of any Modified
Version.
5. Combining Documents
You may combine the Document with other documents released under this License,
under the terms defined in section 4 above for modified versions, provided that you
include in the combination all of the Invariant Sections of all of the original documents,
unmodified, and list them all as Invariant Sections of your combined work in its license
notice, and that you preserve all their Warranty Disclaimers.
The combined work need only contain one copy of this License, and multiple identical
Invariant Sections may be replaced with a single copy. If there are multiple Invariant
Sections with the same name but different contents, make the title of each such section
unique by adding at the end of it, in parentheses, the name of the original author or
publisher of that section if known, or else a unique number. Make the same adjustment
to the section titles in the list of Invariant Sections in the license notice of the combined
work.
In the combination, you must combine any sections Entitled “History” in the vari-
ous original documents, forming one section Entitled “History”; likewise combine any
sections Entitled “Acknowledgements”, and any sections Entitled “Dedications”. You
must delete all sections Entitled “Endorsements.”
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6. Collections of Documents
You may make a collection consisting of the Document and other documents released
under this License, and replace the individual copies of this License in the various
documents with a single copy that is included in the collection, provided that you
follow the rules of this License for verbatim copying of each of the documents in all
other respects.
You may extract a single document from such a collection, and distribute it individu-
ally under this License, provided you insert a copy of this License into the extracted
document, and follow this License in all other respects regarding verbatim copying of
that document.
7. Aggregation with Independent Works
A compilation of the Document or its derivatives with other separate and independent
documents or works, in or on a volume of a storage or distribution medium, is called an
“aggregate” if the copyright resulting from the compilation is not used to limit the legal
rights of the compilation’s users beyond what the individual works permit. When the
Document is included in an aggregate, this License does not apply to the other works
in the aggregate which are not themselves derivative works of the Document.
If the Cover Text requirement of section 3 is applicable to these copies of the Docu-
ment, then if the Document is less than one half of the entire aggregate, the Document’s
Cover Texts may be placed on covers that bracket the Document within the aggregate,
or the electronic equivalent of covers if the Document is in electronic form. Otherwise
they must appear on printed covers that bracket the whole aggregate.
8. Translation
Translation is considered a kind of modification, so you may distribute translations of
the Document under the terms of section 4. Replacing Invariant Sections with trans-
lations requires special permission from their copyright holders, but you may include
translations of some or all Invariant Sections in addition to the original versions of these
Invariant Sections. You may include a translation of this License, and all the license
notices in the Document, and any Warranty Disclaimers, provided that you also include
the original English version of this License and the original versions of those notices
and disclaimers. In case of a disagreement between the translation and the original
version of this License or a notice or disclaimer, the original version will prevail.
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If a section in the Document is Entitled “Acknowledgements”, “Dedications”, or “His-
tory”, the requirement (section 4) to Preserve its Title (section 1) will typically require
changing the actual title.
9. Termination
You may not copy, modify, sublicense, or distribute the Document except as expressly
provided for under this License. Any other attempt to copy, modify, sublicense or
distribute the Document is void, and will automatically terminate your rights under
this License. However, parties who have received copies, or rights, from you under
this License will not have their licenses terminated so long as such parties remain in
full compliance.
10. Future Revisions of this License
The Free Software Foundation may publish new, revised versions of the GNU Free
Documentation License from time to time. Such new versions will be similar in spirit
to the present version, but may differ in detail to address new problems or concerns.
See http://www.gnu.org/copyleft/.
Each version of the License is given a distinguishing version number. If the Docu-
ment specifies that a particular numbered version of this License “or any later version”
applies to it, you have the option of following the terms and conditions either of that
specified version or of any later version that has been published (not as a draft) by
the Free Software Foundation. If the Document does not specify a version number of
this License, you may choose any version ever published (not as a draft) by the Free
Software Foundation.
ADDENDUM: How to use this License for your docu-
ments
To use this License in a document you have written, include a copy of the License in
the document and put the following copyright and license notices just after the title
page:
Copyright c© YEAR YOUR NAME. Permission is granted to copy, distrib-
ute and/or modify this document under the terms of the GNU Free Docu-
mentation License, Version 1.2 or any later version published by the Free
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Software Foundation; with no Invariant Sections, no Front-Cover Texts,
and no Back-Cover Texts. A copy of the license is included in the section
entitled “GNU Free Documentation License”.
If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the
“with. . . Texts.” line with this:
with the Invariant Sections being LIST THEIR TITLES, with the Front-
Cover Texts being LIST, and with the Back-Cover Texts being LIST.
If you have Invariant Sections without Cover Texts, or some other combination of the
three, merge those two alternatives to suit the situation.
If your document contains nontrivial examples of program code, we recommend re-
leasing these examples in parallel under your choice of free software license, such as
the GNU General Public License, to permit their use in free software.
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